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Dear Dr. Shelby,

The Cosmetic, Toiletry, and Fragrance Association (CTFA)' appreciates the opportunity to
provide comments on the draft CERHR Expert Panel Report on Propylene Glycol. Propylene
Glycol is used in personal care products, and thus, the consideration of Propylene Glycol by a
CERHR Expert Panel is of interest to CTFA members.

The Cosmetics Industry supports an independent Expert Panel, the Cosmetic Ingredient
Review (CIR), that evaluates the safety of ingredients as they are used in cosmetic/personal
care products. The CIR Expert Panel is comprised of seven voting physicians and scientists
and includes representatives of the U.S. Food and Drug Administration, the Consumer
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Annual Report is enclosed.

CIR has evaluated the safety of Propylene Glycol. The CIR Expert Panel concluded that
"Propylene Glycol and Polypropylene Glycols are safe for use in cosmetic products at
concentrations up to 50.0%" (JACT 13(6): 437-491. 1994). A copy of the CIR report on
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Final Report on the Safety Assessment of
Propylene Glycol and
Polypropylene Glycols'

Abstract: Propylene Glycol is an aliphatic alcohol manufactured as a reaction
product of propylene oxide and water. Polypropylene Glycol is a polymer
formed by adding propylene oxide to dipropylene glycol. Propylene Glycol is
reportedly used as a skin-conditioning agent-humectant, solvent, viscosity-
decreasing agent, and humectant in thousands of cosmetic formulations. Poly-
propylene Glycols of various polymer lengths are reportedly used as miscel-
laneous skin-conditioning agents in far fewer formulations. Acute, subchronic,
and short-term animal studies suggested little toxicity beyond slight growth and
body weight decreases. Little ocular or skin irritation was observed in animal
studies, and no sensitization was seen. Small increases in fetal malformations
were seen in mice injected subcutaneously with Propylene Glycol, but a con-
tinuous breeding reproduction study in mice showed no reproductive toxicity
following oral administration. A wide range of mutagenesis assays were neg-
ative, and studies in mice and rats showed no evidence of carcinogenesis.
Clinical data showed skin irritation and sensitization reactions in Propylene
Glycol in normal subjects at concentrations as low as 10% under occlusive
conditions and dermatitis patients at concentrations as low as 2%. A careful
evaluation of skin irritation and sensitization data as a function of disease state
of the individual, occlusion, and concentration was done. On the basis of that
analysis, it is concluded that Propylene Glycol and Polypropylene Glycol are
safe for use in cosmetic products at concentrations up to 50%. Key Words:
Propylene Glycol—Polypropylene Glycol.

CHEMISTRY
Definition and Structure

Propylene Glycol (PG) is an aliphatic alcohol that conforms to the following
formula (Estrin et al., 1982a):

CH,CHCH,OH

|
OH

PG (CAS No. 57-55-6) is also known as 1,2-Propanediol, 1,2-Dihydroxy-
propane, Methylethylene Glycol, Methyl Glycol, Monopropylene Glycol, Pro-

! Reviewed by the Cosmetic Ingredient Review Expert Panel.
.Address correspondence and reprint requests to Dr. F. A. Andersen at Cosmetic Ingredient Re-
view, 1101 17th Street NW, Suite 310, Washington, D.C. 20036, U.S.A.
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pane-1,2-Glycol, a-Propyleneglycol, 1,2-
names (Estrin et al.,

Polypropylene Glycol (PPG
forms to the following formula (Estrin et al.,

1981):
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HO(C,H,0),C;HsOH

number of oxypropylene groups

PPG, and numerous trade names (Estrin et al., 1982a).

Properties

Propylene Glycol, and numerous trade
1982a; Sweet, 1987).
) is a polymer of PG and water that generally con-
1982a; Food Chemicals Codex,

Polypropylene Glycol (CAS No. 25322-69-4) is also known as Polyoxypropylene,

The chemical and physical characteristics of PG and PPG are listed in Tables 1

and 2, respectively.

Analytical Methods

PG has been analyzed via gas chromatography (Gebhardt, 1968; Demey et al.,
1988) and ultraviolet (UV) spectral analysis (Dow Chemical Co., 1992; Eastman

TABLE 1. Chemical and physical properties of Propylene Glycol

Ref.
Physical form Colorless, hygroscopic liquid Estrin et al, (1982b)
Odor Practically odorless Sax (1979)
Formula C,Hg0, Estrin et al. (1982a)
Molecular weight 76.11 Sweet (1987)

Assay

Vapor density
Vapor pressure
Refractive index
Density

Specific gravity
Boiling point

Freezing point

Flash point
Autoignition temperature
Solubility

Distillation range
Acidity

Sulfated ash

Water

Arsenic (as As)
Explosion hazard
Lower explosion limit
Upper explosion limit
Fire hazard

97.5% minimum (cosmetic use)
99.5% minimum (industrial use)
2.62 (air = 1)

0.08 mm Hg at 20°C

1.4324 at 20°C

1.0361 at 25°/4°C

1.0362 at 25°/25°C

1.035-1.037 at 25°/25°C

189°C

188.2°C

-59°C

210°F (open cup)

700°F

Soluble in water, ethanol, benzene
184-189°C

0.002 mEg/ml maximum

0.07% maximum

0.2% maximum

3 ppm maximum

Moderate when exposed to flame
2.6%

12.6%

Low

Sax (1979)

Estrin et al. (1982b)
Dow (1975, 1978)
Sax (1979)

Sax (1979)

Sax (1979)

Weast (1982)

Sax (1979)

Estrin et al. (1982b)
Weast (1982)

Sax (1979)

Sax (1979)

Sax (1979)

Sax (1979)

Weast (1982)

Estrin et al. (1982b)
Estrin et al. (1982b)
Estrin et al. (1982b)
Estrin et al. (1982b)
Estrin et al. (1982b)
Sax (1979)

Sax (1979)

Sax (1979)
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TABLE 2. Chemical and physical properties of Polypropylene Glycol

Ref.

Physical form Clear, colorless, viscous liquid Food Chemicals Codex (1981)
Formula HO(C,H,O0), H Sax (1979)
Molecular weight 400-2,000 Sax (1979)
Density 1.002-1.007 Sax (1979)
Flash point 390 to >440°F Sax (1979)
Solubility Soluble in water, aliphatic ketones, and Food Chemicals Codex (1981)

alcohols: insoluble in ether and aliphatic

hydrocarbons
Viscosity 85-97 centistokes at MW = 1,000 Food Chemicals Codex (1981)

150175 centistokes at MW = 2,000 Food Chemicals Codex (1981)

Arsenic (as As) 3 ppm maximum Food Chemicals Codex (1981)
Heavy Metals (as Pb) 5 ppm maximum Food Chemicals Codex (1981)
pH Between 6 and 9 Food Chemicals Codex (1981)
Propylene oxide 0.02% maximum Food Chemicals Codex (1981)
Residue on ignition 0.01% maximum Food Chemicals Codex (1981)
Fire hazard Slight when exposed to heat or flame, Sax (1979)

may react with oxidizing materials

Chemical Co., 1992; Istituto Ganassini spa di ricerche biochimiche, 1992). Each
spectral analysis indicates no absorbance in the UVA and UVB bands.

PPG 1200 has been detected at sub-ppm levels in aqueous and organic media by
a method that combines the classic Zeisel alkoxy reaction with high-efficiency
gas-liquid chromatography (Ramstad et al., 1978).

Methods of Manufacture

All PG that is of commercial significance is manufactured as a reaction product
of propylene oxide and water; no additives or solvents are used. Additionally, the
chlorohydrin process is used to manufacture the reactant, propylene oxide, which
is recovered as a pure product before conversion to glycol (Dow U.S.A., 1993).

PG is also manufactured by treating propylene with chlorinated water to form
the chlorohydrin; the chlorohydrin is converted to the glycol by treatment with
sodium carbonate solution. Another method of preparation involves heating glyc-
erol with sodium hydroxide (Rothschild, 1988).

PPGs are manufactured by the addition of propylene oxide to dipropylene gly-
col (Shaffer et al., 1951).

Impurities

In cosmetic products, the purity of PG is specified as a minimum of 97.5%. In
industry, the purity of PG is specified as a minimum of 99.5%. Impurities found in
PG may include sulfated ash, arsenic, propylene oxide, and heavy metals such as
lead (Estrin, et al. 1982b; Food Chemicals Codex, 1981). The specific maximum
levels of impurities that may be present in both food- and cosmetic-grade PG and
PPG are listed in Tables 1 and 2.

The Dow Chemical Co. (Dow U.S.A.) recommends that USP-grade PG be used
for cosmetics. USP-grade PG has a typical assay of 99.9% and a specification of

J Am Coll Toxicol, Vol. 13, No. 6, 1994
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PROPYLENE GLYCOL AND POLYPROPYLENE GLYCOLS 443

99.5% minimum purity. Dow U.S.A. recognizes that the United States Pharma-
copeia now allows up to 5 ppm propylene oxide in PG and is of the opinion that
typical levels contained in products today are less than detectable amounts (Dow
U.S.A., 1993).

COSMETIC USE

PG is used as a skin-conditioning agent-humectant, solvent, viscosity-
decreasing agent, and humectant in cosmetic formulations (Nikitakis, 1988). Data
on the uses of PG are summarized in Table 3. Data submitted to the Food and
Drug Administration (FDA) in 1984 indicated that PG was used in a total of 5,676
cosmetic formulations. Use concentrations of PG in cosmetic formulations are
listed in Table 3 as <0.1 to >50% (FDA, 1984).

PPGs are used as miscellaneous skin-conditioning agents in cosmetic formula-
tions (Nikitakis, 1988) as listed in Tables 4-6. Data on the uses of three of the
PPGs, PPG 9, PPG 26, and PPG 425, indicate that PPG-9 has been used in a total
of 6 cosmetic formulations at concentrations of 1-5 or 0.1-1% and PPG 26 in a
total of 10 cosmetic formulations. The largest use of PPG 26 was in blusher
products at a concentration of 1-5%. Table 6 indicates that PPG 425 was used in
one cosmetic formulation, a hair bleach, at a concentration of between 1 and 5%
(FDA, 1984).

Voluntary filing of product formulation data with the FDA by cosmetic manu-
facturers and formulators must conform to the format of concentration ranges and
product categories as described in Title 21, Part 720.4 of the Code of Federal
Regulations (21 CFR 720.4). Since certain cosmetic ingredients are supplied to the
formulator at <100% concentration, the concentration reported by the formulator
may not necessarily reflect the actual concentration found in the finished cosmetic
product; the actual concentration in such an instance would be a fraction of that
reported to the FDA. The fact that data are submitted only within the framework
of a ‘‘concentration range’’ provides the opportunity for overestimation of the
actual concentration of an ingredient in a particular product. An entry at the
lowest end of a concentration range is considered the same as one entered at the
highest end of that range, thus introducing the possibility of a 2- to 10-fold error
in the assumed ingredient concentration.

Concentration of use data are no longer reported to FDA by the cosmetics
industry (Federal Register, 1992). However, data on PG supplied to the Cosmetic,
Toiletry, and Fragrance Association (CTFA) indicate that concentrations of use

TABLE 4. Product formulation data for PPG 9 (FDA, 1984)

No. of product formulations within each concentration range

(%)

Product category 25-50 0-25 5-16 1-5 0.1-1 00.1 Unknown  Total
Other bath preparations 2 2
Shampoos (noncoloring) 2 2 4
Ingredient total 4 2 6

J Am Coll Toxicol, Vol. 13, No. 6, 1994
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TABLE 5. Product formulation data for PPG 26 (FDA, 1984)

No. of product formulations within each concentration range

(%)
Product category 25-50 10-25 5-10 1-5 0.1-1 0-0.1 Unknown Total
Bath oils/tablets/salts 1 1
Blushers (all types) 3 3
Deodorants (underarm) 2 2 4
Moisturizing products i 1
Other skin care preparations 1 1
Ingredient total 8 2 10

range between 3 and 5% in current products manufactured by one company. The
intention of using PG in cosmetics at concentrations as great as 80% was also
stated (CTFA, 1992). Current frequency of use data indicate that PG is used in a
total of 4,056 cosmetic products. PPG 9 is used in 13 products, and PPG 12 and
PPG 26 are used in 2 and 5 products, respectively (FDA, 1993).

Products containing PG or PPG may contact the skin, hair, and eyes. Ingestion
of small quantities of either compound is possible. Contact with either compound
may be as little as once to as often as daily for several hours.

International Use

PG, PPG 9, and PPG 26 are included in the list of ingredients that have been
approved for use in cosmetic formulations marketed in Japan (Nikko Chemicals,
Co., Ltd., 1991-92). PG and PPGs are not included in the list of ingredients that
are prohibited from use in cosmetic products marketed in the European Economic
Community (EEC Cosmetics Directive, 1990).

NONCOSMETIC USE

PG is generally recognized as safe (GRAS) when used in accordance with good
manufacturing practices (21 CFR 582.1666). A monograph prepared for the GRAS
evaluation is available (Informatics, 1973). PG is also an accepted optional ingre-
dient in standardized food substances such as vanilla extract (21 CFR 169.175).

In an assessment of food additives, the World Health Organization (WHO)
recommended a maximum daily oral intake of PG of 25 mg/kg body wt/day (WHO,
1974).

PG is an ingredient in Over-the Counter (OTC) drug products (FDA, 1991).

TABLE 6. Product formulation data for PPG 425 (FDA, 1984)

No. of product formulations within each concentration range

(%)
Product category 25-50 10-25 5-10 1-5 0.1-1 0-0.1 Unknown Total
Hair bleaches 1 1
Ingredient total 1 1

J Am Coll Toxicol, Vol. 13, No. 6, 1994



PROPYLENE GLYCOL AND POLYPROPYLENE GLYCOLS 45

FDA issued a proposed rule on the use of PG as a pediculicide, indicating that
OTC drug products containing PG for this purpose are not generally recognized as
safe and effective or are misbranded. An advance notice of proposed rulemaking
containing a similar statement regarding use of PG as a hair grower was also
issued by FDA. OTC drug products containing PG for use as a demulcent are
generally recognized as safe and effective and are not misbranded; this statement
constitutes final agency action (FDA, 1991). PG has been classified as both an
excellent solvent and an effective preservative; it has replaced glycerin as the
vehicle in many formulations of topical therapeutic agents (AMA Division of
Drugs, 1983).

Other documented noncosmetic uses of PG include use of the compound in the
production of varnishes and resins and as an antifreeze (Angelini and Meneghini,
1981). PG has been used as a source of energy in animal diets (Emmanuel, 1976),
as a cryoprotective agent in renal preservation (Pegg et al., 1987; Halasez and
Collins, 1984), and as a therapy for ketosis in cattle (Ruddick, 1972).

An investigation of PG as a potential environmental contaminant is available
(National Technical Information Service, 1979).

PPG is an indirect food additive that has been approved for use as a component
of resinous and polymeric coatings (21 CFR 175.300).

GENERAL BIOLOGY
Absorption, Metabolism, and Excretion
Propylene Glycol

In mammals, the major route of PG metabolism is to lactaldehyde and then
lactate via hepatic alcohol and aldehyde dehydrogenases; in an alternative path-
way, lactaldehyde is metabolized to methylglyoxal before lactate is formed (Chris-
topher et al., 1990a).

A study on the metabolism of PG was conducted by Morshed et al. (1988). Five
groups of six rats each were given oral doses of 4.83, 9.66, 19.32, 38.64, and 77.28
mmol of agueous PG/kg body wt. Blood was collected from these animals at times
ranging from 5 min to 24 h postdosing. Appearance of PG in the blood of the
treated rats was in a dose-related manner. The maximum concentration of PG in
the blood, 28 mmol/L, was found 2 h after dosing in the rats given the largest dose.

In the second part of this experiment, the metabolism of PG was further inves-
tigated. The metabolism of PG in animals is initially catalyzed by several dehy-
drogenases. To test inhibition of PG metabolism, the authors pretreated five
groups of six Wistar rats each with oral doses of 0.0, 0.025, 0.05, 0.20, and 1.0
mmol pyrazole, a known alcohol dehydrogenase inhibitor. The rats were then
given oral doses of 4.83, 9.66, 19.32, 38.64, or 77.28 mmol/kg PG. Blood samples
were collected in a manner similar to that in the preceding experiment. In the
pretreated rats, the greatest blood concentrations of PG were found in the blood
30 min postdosing, regardless of the amount of compound administered. The peak
concentration of PG in the blood of these animals was significantly reduced com-
pared with rats dosed with PG that were not pretreated with pyrazole.

J Am Coll Toxicol, Vol. 13, No. 6, 1994
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In a separate experiment, the same authors tested the urinary clearance of PG
from rats pretreated with pyrazole. Three groups of rats, 36 per group, were given
oral doses of 0.0, 0.20, or 1.0 mmol/kg pyrazole. Each group was subdivided into
three subgroups (a total of nine groups) and given 19.32, 38.64, or 77.28 mmol/kg
PG orally. The excretion of PG in the urine increased according to the amount of
PG administered, both with and without pyrazole. The amount of PG excreted
was significantly greater in the rats fed doses of pyrazole then in the control rats.

The metabolism of PG in the rabbit was investigated by Yu and Sawchuk (1987).
Three groups of New Zealand White male rabbits, three animals per group, were
given intravenous doses of 0.5, 1.0, or 2.0 g/kg PG in normal saline solution. Blood
and urine were collected between 0 and 12 h postdosing. The plasma concentra-
tion of PG was measured, and the half-lives of the compound in the blood were
calculated. In rabbits given the smallest dose, the half-life was 64.0 min. For the
1.0- and 2.0-g/kg doses, the half-lives were 76.2 and 75.4 min, respectively. As the
plasma concentration of PG diminished, the metabolism clearance of PG in-
creased proportionally. It was determined that there was a nonlinear relationship
between the two routes of clearance of PG.

After oral administration of PG (38.66 mmol/kg, single dose) to four adult New
Zealand rabbits (weights 2-2.5 kg), the concentration of L-lactate in whole blood
increased significantly (p < 0.01, n = 4) to 2.55 + 0.62 mmol/L. when compared
with a fasting concentration of 1.04 = 0.22 mmol/L. The concentration of D-lac-
tate was also significantly elevated (p < 0.001). D- and L-Lactate are PG metab-
olites. Blood concentrations of pyruvate remained mostly unaffected both before
and after PG administration (Morshed et al., 1991).

Speth et al. (1987) investigated the effects of PG administration using human
subjects. Six patients with confirmed malignancies were given intravenous doses
of a potentially cytostatic agent, mitoquidone, dissolved in PG. Subjects received
doses of 5.1-21.0 g PG/day in a 4-h intravenous infusion. The concentration of PG
in the plasma and the half-life of PG in the body were measured. The average
half-life was 2.3 += 0.7 h, and the elimination of PG from the body was in a
dose-related manner. The authors also measured lactic acid concentration, ve-
nous pH, plasma osmolality, hemoglobin, and haptoglobin levels in each test
subject. No significant alterations in any of these parameters were noted.

Polypropylene Glycols

PPG 425 and PPG 1025 are readily absorbed from the gastrointestinal (GI) tract.
Following administration of a single oral dose of PPG 425 (0.5-1.0 g/kg) to rabbits,
17-39% was recovered from the urine. Under similar conditions of exposure,
~40% of administered PPG 1025 was excreted in the urine of rabbits. After rabbits
received a single oral dose of PPG 2025 (2 g/kg), 40~70% was excreted in the feces
and a negligible amount was excreted in the urine. For all of the groups tested,
neither the weight range, strain, nor number of animals involved was stated (Shaf-
fer et al., 1951). Dermal absorption of PPG 425 has been demonstrated in rabbits
(Shaffer et al., 1951) (see Acute Dermal Toxicity).

J Am Coll Toxicol, Vol. 13, No. 6, 1994
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Cellular Effects

The effects of PG on mouse urinary bladder epithelial cell growth were inves-
tigated by Farsund (1981). A group of hairless male Oslo strain mice (number not
specified) was given subcutaneous injections of 0.2 ml PG 3 days a week for 3
months. There were no significant changes in the fraction of cells with S-phase
DNA content among the diploid cells. Cells harvested after 1 month of treatment
with PG had a 50% reduction in the DNA production in tetraploid cells. DNA
production was reduced to 20% after 2 months of treatment and was 0% at 3
months. The number of tetraploid cells was nearly 0 at the end of the 3-month
treatment period. PG caused a disturbance in the proliferative response of rat
urinary bladder epithelial cells.

Mochida and Gomyoda (1987) investigated the effects of doses of PG on cul-
tured human KB cells. According to methods described by Mochida et al. (1983),
the 50% inhibitory dose of PG was 0.31 M in cells incubated with the compound
for 72 h.

Immune System Effects

Denning and Webster (1987), studied the in vitro effects of PG on human natural
killer cell and neutrophil cell populations. In the first half of the experiment, a
natural killer cytotoxicity assay was performed. Peripheral mononuclear cells
were isolated from the blood of one human volunteer and used as the effector cells
in the assay. Cultured K562 erythroleukemia cells were used as the target cells.
Three concentrations of effector cells were incubated in separate wells of micro-
titer plates with PG in phosphate-buffered saline (PBS) diluted to final concen-
trations of 0.01, 0.1, and 1%. PBS alone was used as a control. One hundred
microliters of the target cells was added to each well. Cytotoxicity was measured
by observing the percentage S'Cr release. The cytotoxicity of human natural killer
cells was decreased significantly when cells were incubated with 1% PG (p <
0.002). Concentrations of 0.01 and 0.1% PG did not significantly decrease the
natural killer cell activity.

In the second part of the experiment, the same authors tested the effects of PG
on isolated human neutrophils. Blood was collected from a human volunteer, and
mononuclear cells were isolated. The isolated cells were incubated in a solution
containing Hanks’ Balanced Salt Solution, heparin, and 10 pl luminol (5-amino-
2,3-dihydro-1,4-phthalazimedione). The incubated cells were taken in aliquots of
1 ml and placed in specially designed cuvettes for 30 min. The cells were then
incubated with PG diluted to final concentrations of 0.0, 0.1, 0.5, or 1.0%. Latex
particles coated with I1gG were added to each tube, and the chemiluminescence
was measured. The neutrophil chemiluminescence was significantly decreased in
the cells incubated with 0.5 and 1% PG.

Other Biological Effects

Floersheim (1985) investigated the effects of PG on the metabolism of ethanol
in mice. Four groups of four female albino MAG mice were injected with 0.0, 0.05
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ml/10 g, 0.025 ml/10 g, or 0.01 m/10 g PG 30 min prior to the intraperitoneal
administration of 4,500 mg/kg body wt ethanol. The survival rate for the mice
given 0.01 ml PG was 19%. The survival rates in the mice fed the two larger doses
were 75% for the mice given 0.05 ml PG and 87% for the mice given 0.025 ml PG.
The survival rates in the mice given the two larger doses were significantly greater
(p < 0.001) than in the mice given the lowest dose.

The effects of PG on the metabolism of enflurane anesthesia were investigated
by Fish et al. (1988). Thirty-two male Fischer strain rats were divided into four
groups. Saline was administered to 10 control rats, 10 rats received 0.4 mg/ml
etomidate, 6 received 7% (vol/vol) PG intravenously, and 6 received PG plus
etomidate. All rats were then exposed to 2% enflurane vapor in an anesthesia
chamber for a period of 1 h. Serum samples were collected at 0, 2, 4, and 24 h after
exposure to the vapor. The metabolism of the anesthesia was measured by anal-
ysis of rat serum F~. There was a significant decrease in the rate of metabolism
of enflurane in rats pretreated with PG as compared with saline controls (p <
0.05).

In a second experiment, the same authors tested the effects of PG administra-
tion on adrenal steroidogenesis in the rat. Four groups of male Fischer strain rats,
five per group, were given intravenous injections of saline (controls), 0.4 mg/ml
etomidate, 7% (vol/vol) PG, or etomidate plus PG. Thirty minutes later, 0.2 ug
adrenocorticotropic hormone (ACTH) was administered to all groups via intra-
venous injection, causing aldosterone to be released into the serum. Serum sam-
ples were drawn at 30, 60, and 90 min post-ACTH administration. Administration
of PG did not cause any significant changes in adrenal steroidogenesis in the rat
in this experiment.

The effects of intraperitoneal doses of PG on the metabolism of Hexobarbital
and Zoxazolamine in the rat were studied by Dean and Stock (1974). Two groups
of rats, three per group, were given doses of 4 mi’kg PG twice a day for 3
consecutive days. Two groups of three rats each served as untreated controls.
Each group was then given either 125 mg/kg Hexobarbital (to test effect on sleep-
ing time) or 120 mg/kg Zoxazolamine (to test effect on paralysis time). The rats
pretreated with PG and given Hexobarbital had significantly greater sleeping
times than the control rats (p < 0.01). The treated rats given Zoxazolamine had
significantly longer paralysis times than the control rats (p < 0.01).

The effects of PG on antipyrine metabolism in humans were investigated by
Nelson et al. (1987). Ten healthy volunteers were given 5-ml doses of PG orally 10
min prior to administration of 1.2 g antipyrine. Additional doses of PG were
administered every 4 h for 44 h (total PG dose = 55 ml). Plasma samples were
taken from the venous cannula at 0, 5, 10, 15, 30, and 45 min and 1, 2, 4, 6, 8, 10,
12, 24, and 32 h after PG administration. Plasma antipyrine concentrations were
measured by high-performance liquid chromatography. The authors found no
significant effects on antipyrine clearance in humans due to PG administration at
the doses investigated in this experiment.

Male Sprague-Dawley rats (number not stated) were given 4 ml/kg/day PG via
gastric intubation for 30 days in a short-term study by Hoenig and Werner (1980).
A second group of animals was given distilled water and served as the control.
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Body weights were measured throughout the experiment. On day 31, blood sam-
ples were taken from the carotid artery, and the livers of the animals were re-
moved for lipid analysis. There were no significant differences in body weights or
liver weights in the PG-treated animals as compared with controls. There was a
significant increase in total cholesterol in the livers of the PG-treated animals (p =
0.02).

The effect of PG on liver structure was evaluated using 15 male Wistar rats (5
weeks old). PG [15% (vol/vol) in drinking water] was administered to the animals
daily by gastric intubation, and animals were killed at time periods ranging from
1 week to 3 months after initiation of the study. Thin sections of the liver, fixed
with glutaraldehyde, were examined using an electron microscope. PG adminis-
tration resulted in remarkably enlarged mitochondria with well-developed cristae
and a dense matrix in every hepatocyte. These changes were noted throughout the
hepatic lobule, but were more distinct in hepatocytes of the peripheral zone of the
hepatic lobule. Other ultrastructural changes in hepatocytes included proliferation
of smooth-surfaced endoplasmic reticulum and an increase in the number of ly-
sosomes and microbodies (Wakabayashi et al., 1991).

Enzyme effects of short-term administration of PG in rats were investigated by
Amma et al. (1984). Two groups of six male and six female rats were given oral
doses of 1 ml 28.4% PG/100 g body wt daily for 30 days. A control group of 12 rats
was given daily doses of distilled water. On day 31, blood samples for enzyme
studies were collected from the orbital sinus of each animal. Glucose-6-
phosphate: NADP oxidoreductase, blood catalase activity, and whole-blood re-
duced glutathione (GSH) were measured. The growth rate of test animals was not
significantly different from controls. In the treated animals, the whole-blood GSH
was significantly decreased (p < 0.001), and erythrocyte catalase activity was
significantly decreased in the males (p < 0.01).

Ahluwalia and Amma (1984) studied the effects of short-term administration of
PG on rat erythrocyte morphology and function. One group of six male rats was
given oral doses of 284 ul PG daily for 30 days. A second group of six rats serving
as a control group was given oral doses of distilled water. On day 31, blood
samples were drawn from the orbital sinus of each rat, and membrane lipids were
extracted from erythrocytes. Short-term oral doses of PG caused a significant
decrease in total lipids (p < 0.001), cholesterol (p < 0.05), and phospholipids (p <
0.05) in the rat erythrocytes. The decrease in lipids altered the erythrocyte mor-
phology in the PG-treated animals.

Christopher et al. (1989) investigated the effects of oral PG administration on
the development of Heinz body hemolytic anemia in cats. Two groups of cats
were fed commercial diets in the conditioning phase of the experiment. Control
values for Heinz bodies were obtained. Each cat served as its own control. Six of
the cats were fed diets containing 12% (1.6 g/kg/day) PG for 5 weeks (low-dose
study). Five adult cats were fed diets containing 41% (8 g/kg/day) PG for 22 days
(high-dose study). Blood samples were collected and Heinz body formation was
investigated. The percentage of Heinz bodies present during the control period
was 2.98 = 0.90% in the low-dose group. After | week on the 12% PG diet, the
percentage of Heinz bodies was significantly increased to 11.33 = 3.36% (p <
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0.002). After 35 days, the percentage of Heinz bodies was 28%. In the high-dose
group, the control value for percentage of Heinz bodies was 4.8 + 1.81%. The
percentage of Heinz bodies was 92.1 + 3.6% on day 9. This value was significantly
increased compared with control values (p < 0.001).

Singh et al. (1982) investigated various pharmacologic parameters of PG in a
series of animal studies. Swiss mice (number not stated) in a locomotor activity
experiment were given either intraperitoneal or oral doses of 10, 20, 50, or 100%
PG. Locomotor activity was measured at 15, 30, 60, and 120 min postdosing. In
animals given 100% PG intraperitoneally, there was a significant reduction in
locomotor activity.

The effect of PG administration on forced locomotor activity was also studied
in Wistar rats and Swiss mice (number not stated). Mice given peroral doses of
100% PG had a 60% reduction in activity compared with controls. Upon intra-
peritoneal administration of the compound, there was a significant decrease in
forced locomotor activity in both rats and mice given 100% PG. With use of the
same doses in an inclined plane test involving mice, a smooth wooden plate at an
angle of 45° was used to determine ataxia. By both routes of administration,
20-100% PG caused ataxia in mice.

Further investigations included the effects of PG on rat and guinea pig smooth
muscle samples. Pieces of the ileum from a guinea pig were placed in an organ
bath and 0.5 ml of 10, 20, 50, or 100% PG was added for 3 min. Contractions were
stimulated in the muscles by addition of acetylcholine chloride, histamine dihy-
drochloride, or barium chloride. At concentrations above 20%, a nonspecific,
dose-dependent inhibition of contraction was noted. In the rat, uterine samples
were immersed in organ baths and PG (same concentrations) were added. Con-
tractions were induced in the smooth muscle samples by addition of 5-hydroxy-
tryptamine. All PG concentrations produced a nonspecific dose-dependent inhi-
bition of contractions. PG did not produce any paralytic effects, analgesic activ-
ity, or hypnotic effects in mice or rats at any of the concentrations tested.

Several other investigators also studied the effects of PG on muscle function.
The potential for 40% (vol/vol) PG in distilled water to cause skeletal muscle
damage after intramuscular injection was evaluated in vitro using isolated exten-
sor digitorum longus muscles from rats. The muscles were injected with 15 pl of
the solution and placed in a balanced salt solution bubbled with 95% O,/5% CO,.
The myotoxicity of injected solutions was evaluated by noting the cumulative
release of creatine kinase (intracellular cytosolic enzyme) into the incubation
medium over a 2-h period. Creatine kinase levels and histological evaluation are
the commonly used indexes of skeletal muscle damage, both clinically and exper-
imentally. Cumulative creatine kinase release increased as a function of time
throughout the 2-h incubation period (Brazeau and Fung, 1989).

The results of this study were then evaluated with in vivo studies on creatine
kinase activity in five male New Zealand white rabbits (weights 2.0-4.2 kg). The
animals received a 1-ml injection of each of the following: 40% (vol/vol) PG, 40%
(vol/vol) polyethylene glycol 400, and normal saline. The solutions were injected
into the mid-lumbar muscles of each animal in a three-way crossover random
design; there was a minimum of 2 weeks between each phase of the experiment.
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The injection sites randomly rotated such that no single muscle area received
more than one injection, and blood samples were obtained from the central artery
or marginal ear veinupto 72 h postinjection. The corrected area under the serum
kinase activity versus time curve following propylene glycol injection was statis-
tically larger (p < 0.05) than those after the injection of polyethylene glycol and
normal saline (Brazeau and Fung, 1989).

Kaldor et al. (1971) studied the effects of PG and various PPGs on the contrac-
tion of rabbit muscles. Glycerol-extracted fibers of rabbit psoas muscle were cut
into 50-mm bundles. Half of each bundle was incubated with 0.2 M KCI/0.05 M
Tris (the incubation mixture), and 6.6 X 10~5 M Mg-ATP was added to initiate a
reaction. The second half of the fiber bundle was incubated with the incubation
mixture and the following test substances: 16 mg/ml PG, 33 mg/ml PG, 66 mg/mi
PG, 33 mg/ml PPG 225, 66 mg/ml PPG 225, 33 mg/ml PPG 425, or 66 mg/ml PPG
425. All doses of PG, PPG 225, and PPG 425 promoted shortening of the test
muscle fibers, as well as development of tension within the test fibers.

An aqueous solution of PPG 400 (dose 20 mg/kg) was administered intrave-
nously to a dog (weight not stated) that was curarized, but not anesthetized. The
results of an electroencephalogram (EEG) indicated increased electrical activity
in all lobes of the brain. The increased activity was first noted in the frontoparietal
region and spread gradually to temporal and occipital regions. Following intrave-
nous administration of a PPG 750 aqueous solution and an aqueous solution of
PPG 1200 (doses 10 mg/kg), the same EEG pattern was noted. However, the
spread of electrical activity to other areas of the brain was more rapid. Electro-
cardiogram patterns following the administration of PPG 400 and PPG 750 indi-
cated positive chronotropic responses. However, such responses were not ob-
served after administration of PPG 1200 or PPG 2000 (Shideman and Procita,
1951).

The administration of aqueous PPG 400, PPG 750, or PPG 1200 to the anesthe-
tized, noncurarized dog (weight not stated) at doses of 5 mg/kg caused an increase
in respiratory rate and amplitude. Manifestations of increased central nervous
system activity in the form of enhanced stretch reflexes, muscle tremors, and
movements were also noted. At a higher dose, 25 mg/kg, convulsant activity was
noted (Shideman and Procita, 1951).

The intravenous administration of 10- and 50-mg/kg doses of PPG 425, diluted
1:10 in saline solution, to groups of eight anesthetized, adult mongrel dogs
(weights not stated) caused acceleration of cardiac and respiratory rates. Effects
of the smaller dose on the electrocardiogram pattern ranged from a barely per-
ceptible change to the presence of occasional ventricular extrasystoles. Intrave-
nous doses of 50 mg/kg resulted in violent clonic convulsions and increased the
heart rate to nearly double that of the control value; respiration was described as
shallow and spasmodic. Doses of PPG 1025 (1 g/kg) and PPG 2025 (5 g/kg) pro-
duced no appreciable effect on the electrocardiogram within 15 min postdosing
(Shaffer et al., 1951).

The effects of PG on cardiopulmonary function were studied by a number of
investigators. An intravenous bolus injection (0.5 ml/kg) of 30% PG in sterile
water caused a transient significant increase in pulmonary arterial pressure in a
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group of eight mixed breed sheep (weights 20-28 kg). The peak mean pulmonary
arterial pressure increased from 17 = 1 toa peak of 35 + 4 mm Hg (p < 0.05), and
significant increases in pressure were not noted at 5 min postdosing. A similar
finding was reported in lambs, but not in dogs or guinea pigs (Quinn et al., 1990).

Eichbaum and Yasaka (1976) studied the antiarrhythmic effects of solvents,
including PG. Twenty rats and 15 dogs were anesthetized prior to having arrhyth-
mias (monitored by electrocardiograph) induced via ouabain injections. The ani-
mals were then dosed intravenously with 0.2 ml/kg body wt 100% PG or 0.2 ml/kg
body wt 70% PG. At each dose administered, PG produced either a temporary or
a permanent change to a normal cardiac rhythm.

These authors also investigated the local and general anesthetic effects of PG in
rats, dogs, and rabbits. Four rats were given periarticular injections of 0.1 ml 70%
PG. No significant local anesthetic effect was noted in any of the test animals.
Four rats, two rabbits, and two dogs were given intravenous injections of up to 4
mbkg body wt 100% PG (specific doses not stated). There were no significant
general anesthetic effects noted in any of the animals within 60 min after dosing.

Thomas et al. (1980) investigated the antibacterial properties of PG. Agar plates
were inoculated with the test organisms Staphylococcus aureus, Pseudomonas
aeruginosa, Streptococcus faecalis, and Streptococcus pyogenes. After a 24-h
incubation period, a 1.5-cm hole was cut in the center of each agar plate. A 100%
solution of PG was poured into the hole, and the zones of inhibition of the test
organism’s growth were measured on each plate. PG did not produce any zones
of inhibition in any of the plates. PG did not have antiseptic properties in this test.

TOXICOLOGY
Acute Inhalation Toxicity

Five male albino rats (weights 213-238 g) were exposed for 7 h to vapor satu-
rated with PPG 1200. Gross pathologic examinations were conducted on one
animal at day 3 postexposure and on another animal at the end of the study. There
were no signs of toxicity in animals dosed with vapor generated at room temper-
ature. Two of the animals exposed to vapors generated at 100°C had lung rales on
day 10 postexposure and one rat had a bloody discharge on day 17. Weight gain
was noted in all animals. Emphysema and a moderate degree of hepatic and renal
involvement were noted in the animal killed on day 3 and in the animal killed at
the end of the study, respectively (FDA, 1992).

Acute Oral Toxicity
Propylene Glycol

Sax (1979) reported an acute oral LDs, of 21 g/kg body wt for PG in rats.

Five female Fischer strain rats were administered doses of PG to determine the
oral LDy, of the compound. The 24-h LDs, of PG was 22.8 g/kg body wt. The 95%
confidence interval was 20.5-25.3 g/kg. The lowest recorded 24-h lethal dose in
this experiment was 20.9 g/kg, and the lowest recorded 48-h lethal dose was 19.8
g/kg (Clark et al., 1979).
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Bartsch et al. (1976) reported an oral LDs, of 25 ml/kg in 10 male and female
Sprague-Dawley rats. The 95% confidence level was 19.2-32.5 ml/kg.

Saini et al. (1987) investigated the effects of acute oral administration of PG
using female Wistar strain rats. Three groups of rats were given 1-ml oral doses of
9.66, 19.32, or 38.64 mmol/kg body wt PG. Blood samples were drawn from the
optical sinus at 0 h, 30 min, 60 min, 120 min, and 24 h postdosing. Acute oral
administration of PG caused significant decreases in the levels of fibrinogen,
albumin, and globulin in the plasma. PG affected the function of the liver in either
the synthesis or the secretion of proteins in the rat.

The accidental oral administration of 3.8 L of PG to a male horse (weight
450-500 kg) resulted in pain, ataxia, salivation, and excessive sweating within
10-15 min. With the exception of ataxia, all clinical signs had resolved within 5
min, and an appropriate treatment protocol was begun. On the next day, the
animal became increasingly ataxic and died of apparent respiratory arrest. Death
occurred at 28 h postingestion. No appreciable gross lesions were noted at nec-
ropsy; PG concentrations of 9,000 mg/L in serum and 7,500 mg/L. in renal fluids
(combined urine and blood) were detected. Microscopic changes included mod-
erate myocardial perivascular edema with dilatation of lymphatics and moderate
pulmonary edema characterized by proteinaceous material in alveoli and in some
of the bronchioles. Hepatic lesions consisted of scattered single-cell hepatocytic
necrosis and minimal acute suppurative pericholangitis. Peracute renal infarcts
characterized by multiple linear areas of coagulative tubular necrosis were also
observed (Dorman and Haschek, 1991).

Polypropylene Glycols

The acute oral toxicity of PPGs (20% aqueous) was evaluated using three
groups of five male albino rats of the Sherman strain (weights between 90 and 120
g). The mean LDs, values reported for the three groups were as follows: PPG 425
(2.91 g/kg), PPG 1025 (2.15 g/kg), and PPG 2025 (9.76 g/kg). Sluggishness, pros-
tration, tremors, convulsions, and rapid death were noted in all treatment groups.
The following gross lesions were observed in animals that died: minor pulmonary
hemorrhage, congestion of the liver and spleen, renal ischemia, and injection of
intestinal blood vessels (Shaffer et al., 1951).

In another study, 121 male rats (seven groups, 13-20/group) received various
oral doses of 10% aqueous PPG 1200. The LD, was 640 mg/kg (confidence limits
376-1,088 mg/kg) (FDA, 1992).

Additional acute oral toxicity studies on PPGs of various molecular weights
(300-3,900) have indicated LDs, values (rats) ranging from 0.5 to >40 g/kg (Amer-
ican Industrial Hygiene Association, 1980).

An aqueous solution of PPG 1200 was tested in an acute oral toxicity study
involving 10 dogs. Neither the test substance concentration nor the weight range
of animals tested was stated. A subconvulsant effect was noted after the admin-
istration of 50 mg/kg (Shideman and Procita, 1951).

The acute oral toxicity of 50% aqueous PPG 1200 was evaluated using 55 male
and 63 female guinea pigs (six groups/sex; 7-15/group). The LDs, values for male
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and female guinea pigs were 1,320 mg/kg (95% confidence limits 930~1,875 mg/kg)
and 1,420 mg/kg (95% confidence limits 1,090-1,850 mg/kg), respectively (FDA,
1992).

Acute oral toxicity studies on PPGs of various molecular weights have indicated
LDs, values (guinea pigs) ranging from 1.5 to 17 g/kg (American Industrial Hy-
giene Association, 1980).

Acute Dermal Toxicity

The dermal toxicity of PPGs (undiluted) was evaluated according to the proce-
dure of Draize et al. (1944) using groups of five rabbits. Doses of PPG 425 (10 and
20 ml/kg), PPG 1025 (20 ml/kg), and PPG 2025 (20 mi/kg) were applied for 24 h, and
animals were observed for 13 days. All animals dosed with PPG 1025 and PPG
2025 survived the 24-h contact period and the observation period. Two of the five
rabbits dosed with PPG 425 (20 ml/kg) and one of five rabbits dosed with 10 mli/kg
PPG 425 died; animal deaths resulted from dermal penetration of the test sub-
stance. It was concluded that PPG 1025 and PPG 2025 did not penetrate the skin
readily and that PPG 425 penetrated the skin to some extent (Shaffer et al., 1951).

In another study, the dermal toxicity of undiluted PPG 1200 was evaluated using
10 albino rabbits (weights 2.43-3.82 kg). The distribution of doses applied was as
follows: 1.0 ml/kg body wt (two rabbits), 3.0 ml/kg (two rabbits), 10.0 mVkg (one
rabbit), and 30.0 ml/kg (five rabbits). Doses (24-h exposures) were applied under
a heavy-gauge plastic cuff held in place with rubber bands and a cloth bandage
that was taped securely to the marginal hair. At the end of exposure, sites were
washed with soap and water, rinsed thoroughly, and dried with a cloth towel. The
animals were observed for signs of toxicity during exposure and periodically for
2 weeks after exposure. Doses of 1.0, 3.0, or 10.0 ml’kg did not cause death, and,
at most, moderate edema and slight erythema were observed at application sites.
Body weight gains were noted in all animals, including the 30-mi/kg dose group.
One of five rabbits in the 30.0-ml/kg group died, and the remaining rabbits ap-
peared ill during the 2-week observation period. Overt signs of toxicity were not
noted in these rabbits at the conclusion of the study (FDA, 1992).

Following single 24-h dermal applications of PPGs to animals (dose 30 ml/kg;
species not stated), four of five animals survived treatment with PPG 400 or PPG
1200, and six of six animals survived treatment with PPG 200. All test substances
were said to have been poorly absorbed through the skin (American Industrial
Hygiene Association, 1980).

Acute Intraperitoneal Toxicity

Propylene Glycol

In the rat, the reported intraperitoneal LDs, for PG was 13 g/kg (Sax, 1979).

Bartsch et al. (1976) reported an intraperitoneal LDs, of 13.0 g/kg for PG in male
and female Sprague-Dawley rats. The 95% confidence level was 10.2-16.5 ml/kg.

Six male NMRI mice were given intraperitoneal doses of PG diluted in water to
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10 ml/kg body wt. The intraperitoneal LDy, was 11.2 g/kg body wt. Confidence
levels were 11.0-11.5 g/kg (Budden et al., 1979).

Groups of five male and five female C3H strain mice were given intraperitoneal
injections of 5 ml/kg PG. Mice were observed for 7 days. All had signs of lack of
coordination followed by deep narcosis. There were no deaths during the 7-day
observation period. No changes were noted in weight gain, feed and water con-
sumption, or general behavior. At necropsy, peritonitis was observed in the test
animals (Hickman, 1965).

Polypropylene Glycols

The acute intraperitoneal toxicity of PPGs (undiluted) was evaluated using three
groups of five male albino rats of the Sherman strain (weights between 90 and 120
g). The mean LDy, values reported for the three groups were as follows: PPG 425
(0.46 g/kg), PPG 1025 (0.23 g/kg), and PPG 2025 (4.47 g/kg). In all treatment
groups, death was preceded by tremors, prostration, frothing at the mouth, and
audijble rales (Shaffer et al., 1951).

Acute intraperitoneal LDy, values that have been reported for aqueous PPG
solutions are as follows: PPG 400 (700 = 75 mg/kg, 50 mice), PPG 750 (195 + 8
mg/kg, 50 mice), PPG 1200 (113 = 12 mg/kg, 60 mice), and PPG 2000 (3,600 = 400
mg/kg). Weight ranges (not stated) were similar between all treatment groups
(Shideman and Procita, 1951).

The results of other acute intraperitoneal toxicity studies have indicated LDs
values (rats) of 0.1-0.7 g/kg for PPGs ranging in molecular weight from 400 to
1,200 and an LD, of 3.6 g/kg for PPG 2000 (American Industrial Hygiene Asso-
ciation, 1980).

Acute Intravenous Toxicity
Propylene Glycol

Bartsch et al. (1976) reported an intravenous LDs, for PG of 6.2 ml/kg in male
and female Sprague-Dawley rats. The 95% confidence level was 5 .2-7.4 ml/kg.

The same authors reported an intravenous LD, of 6.4 ml/kg in male and female
SPF-NMRI strain mice. The 95% confidence level was 6.1-6.9 ml/kg.

Polypropylene Glycols

The acute intravenous toxicity of PPGs (undiluted) was evaluated using three
groups of five albino rats of the Sherman strain (weights between 90 and 120 g).
The mean LDy, values reported for the three groups were as follows: PPG 425
(0.41 g/kg), PPG 1025 (0.12 g/kg), and PPG 2025 (0.71 g/kg). In all treatment
groups, death was preceded by tremors, prostration, frothing at the mouth, and
audible rales. Convulsions were noted only in groups treated with PPG 1025 and
PPG 2025 (Shaffer et al., 1951).

Aqueous PPG solutions were tested in acute intravenous toxicity studies in-
volving dogs (10 dogs/study; weights not stated). The results were as follows
(Shideman and Procita, 1951): PPG 400 (dose 10-20 mg/kg, tremors with convul-
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sions); PPG 750 (57 mg/kg, tremors), PPG 750 (8-15 mg/kg, dogs with convul-
sions survived); PPG 750 (20 mg/kg, dogs with convulsions died), PPG 1200 (5-7
mg/kg, tremors), PPG 1200 (15 mg/kg, dogs with convulsions survived), PPG 1200
(20 mg/kg, dogs with convulsions died), and PPG 2000 (100 mg/kg, no visible
effects).

Acute Intramuscular Toxicity

The acute intramuscular toxicity of aqueous solutions of PPG 1200 was evalu-
ated using two groups of 10 dogs (weights not stated). Subconvulsant effects were
noted in dogs injected with 45 mg/kg PPG 1200, and mild convulsions were noted
in dogs injected with 50-60 mg/kg PPG 1200 (Shideman and Procita, 1951). The
results of acute toxicity studies on PG and PPG are summarized in Tables 7 and
8, respectively.

Short-Term Oral Toxicity

The effects of short-term administration of PG in rats and dogs were studied by
Staples et al. (1967). Charles River rats (10/group) were given PG via stomach tube
three times a day for 3 days. Doses were 0.75 ml/kg 100% PG, 1.50 ml/’kg 100%
PG, 3.0 ml/kg 100% PG, 3.0 ml’kg 75% PG, and 3.0 ml/kg 50% PG. Three adult
mongrel dogs were also given PG via stomach tube for the same time period.
Doses were 0.75, 1.5, or 3.0 mi/kg PG. One rat given the smallest dose and two
rats given 3 mi/kg 100% PG had slight hyperemia of the GI tract. One rat given 1.5
ml/kg 100% PG had severe hyperemia of the GI tract. No other compound-related
effects were noted in the rats. The dog given 1.5 ml/kg PG had evidence of patches
of slight hyperemia. No other adverse effects were noted in any of the dogs.

The oral toxicity of PG was evaluated using a total of 11 male and female
mongrel cats (weight range 3—4 kg) (Christopher et al., 19905). Five cats were fed
a diet containing 12% PG (dry weight) for 5 weeks; this diet was preceded by 4
weeks on a control diet containing 12% PG (dry weight). The remaining six cats
were fed a diet containing 41% PG (dry weight) for 22 days. Mean values for

TABLE 7. Reported LD, values for Propylene Glycol

Animal Strain Sex Dose Results Ref.

Rat — — Oral 21 g/kg Sax (1979)

Rat Fischer F Oral 22.8 g/kg Clark et al. (1979)
Rat Sprague-Dawley M, F Oral 25 ml/kg Bartsch (1976)

Rat — — Oral 27 g/kg Layton et al. (1987)
Rat — — i.p. 13 g/kg Sax (1979)

Rat Sprague-Dawley M, F i.p. 13 mi/kg Bartsch (1976)

Rat SPF M, F i.p. 13.7 mi/kg Hickman (1965)
Mouse NMRI M i.p. 11.2 g/kg Budden et al. (1979)
Mouse SPF-NMRI M, F i.p. 9.3 ml/kg Bartsch (1976)

Rat Sprague-Dawley M, F Lv. 6.2 ml’kg Bartsch (1976)
Mouse SPF-NMRI M, F iv. 6.4 ml/kg Bartsch (1976)
Mouse — — Lv. 8.0 g/kg Sax (1979)

Rat — — i.m. 20.0 g/kg Sax (1979)

Mouse — — s.C. 18.5 g/kg Sax (1979)
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TABLE 8. Acute toxicity studies on Polypropylene Glycol (PPG)

Animal Strain Sex  Dose Results Ref.
Rat Sherman M Oral PPG 425: LD, = 2.91 gkg Shaffer et al. (1951)
Rat Sherman M Oral PPG 1025: LDy, = 2.15 g’/kg  Shaffer et al. (1951)
Rat — M Oral PPG 1200: LDy, = 640 mg/kg FDA (1992)
Rat Sherman M Oral PPG 2025: LD,, = 9.76 g/kg  Shaffer et al. (1951)
Dog —_ — Oral Subconvulsant effect at 50 Shideman and Procita
mg/kg (1951)
Guinea pig — M, Oral PPG 1200: LD, = 1,320 American Industrial
mg/kg (males) and 1,420 Hygiene Association
mg/kg (females) (1980)
Rabbit — — Dermal PPG 425; 20% and 40% Shaffer et al. (1951)
mortality at 10 and 20
mi/kg
Rabbit —_ — Dermal PPG 1025: no deaths at 20 Shaffer et al. (1951)
ml/’kg
Rabbit —_ —_ Dermal PPG 1200: 20% mortality at FDA (1992)
30 ml/kg
Rabbit — — Dermal PPG 2025: no deaths at 20 Shaffer et al. (1951)
ml/kg
Mouse — —_ i.p. PPG 400: LD, = 700 mg’/kg  Shideman and Procita
(1951)
Mouse — — i.p. PPG 750: LDs, = 195 mg/kg  Shideman and Procita
(1951)
Mouse — — i.p. PPG 1200: LDy, = 113 mg/kg Shideman and Procita
(1951)
Mouse — —_ i.p. PPG 2000: LDy, = 3,600 Shideman and Procita
mg/kg (1951)
Rat Sherman M i.p. PPG 425: LDy, = 0.46 g/kg Shaffer et al. (1951)
Rat Sherman M i.p. PPG 1025: LDy, = 0.23 g/kg  Shaffer et al. (1951)
Rat Sherman M i.p. PPG 2025: LDy, = 4.47 g’kg  Shaffer et al. (1951)
Rat Sherman — iv. PPG 425: LDs, = 0.41 g/kg Shaffer et al. (1951)
Rat Sherman — iv. PPG 1025: LDy, = 0.12 glkg  Shaffer et al. (1951)
Rat Sherman — iv. PPG 2025: LD, = 0.71 g’kg  Shaffer et al. (1951)
Dog — —_ i.v. PPG 400: tremors with Shideman and Procita
convulsions, at 10-20 (1951)
mg/kg
Dog — — i.v. PPG 750: tremors at 5-7 Shideman and Procita
mg/kg (1951)
Dog — —_ V. PPG 750: convulsions but no  Shideman and Procita
deaths at 8-15 mg/kg (1951)
Dog —_ —_ i.v. PPG 750: convulsions and Shideman and Procita
deaths at 20 mg/kg (1951)
Dog — —_ i.v. PPG 1200: tremors at 5-7 Shideman and Procita
mg/kg (1951)
Dog — —_ i.v. PPG 1200: convulsions but no Shideman and Procita
deaths at 15 mg/kg (1951)
Dog — — Lv. PPG 1200: convulsions and Shideman and Procita
deaths at 20 mg/kg (195Y)
Dog — — iv. PPG 2000: no visible effects Shideman and Procita
(1951)
Dog — — i.m. PPG 1200: subconvulsant Shideman and Procita
effects at 45 mg/kg (1951)
Dog — — i.m. PPG 1200: mild convulsions Shideman and Procita

at 50-60 mg/kg

(1959
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ingested PG were 1.6 g/kg body wt/day for the 12% dose group and 8.0 g/kg body
wt/day for the 41% dose group. In the low-dose group, plasma D-lactate (plasma
samples obtained only from two cats) increased from 0.08 + 0.03 mmol/L (range
0-0.16 mmol/L) during the control period to 1.96 + 0.75 mmol/L. (range 0.2-4.2
mmol/L) on day 24. In the high-dose group, plasma D-lactate increased rapidly to
4.21 + 1.96 mmol/L by day 10 (p < 0.001), and on day 24 a mean value of 7.12 *
0.14 mmol/L was reported. These findings indicate that PG is metabolized in vivo,
at least in part, to D-lactate. The results of physical examinations performed on
cats that received the smaller dose did not indicate any abnormal findings. Ob-
servations in cats that received the high dose included moderate polyuria and
polydypsia; these findings are consistent with renal excretion of PG, which acts as
an osmotic diuretic (Hanzlik et al., 1939). Cats in the high-dose group also devel-
oped decreased activity, mental depression, and slight to moderate ataxia. These
observations may be related to the metabolism of PG to p-lactate. For example,
encephalopathy in humans, characterized by disorientation and ataxia, is associ-
ated with D-lactate concentrations of >4.0 mmol/L. (Ludvigsen et al., 1983).

Short-Term Intravenous Toxicity

Fort et al. (1984) investigated the effects of short-term administration of PG
using rats and dogs. Groups of five male and five female rats were given intrave-
nous infusions of PG/ethanol/water (5:1:4) over a period of 2 weeks. The dose was
5 ml/kg/day at a rate of 0.3 mI/min. One male beagle and one female beagle dog
were given the same PG/ethanol/water mixture at doses of 4 ml/kg/day at a rate of
6 ml/min. Excretion of red urine was noted after the initial dose in both test
species and continued throughout the 2-week study in most rats and in some dogs
(number not specified). After the 2-week treatment period, decreases in packed
cell volume, hemoglobin, and erythrocyte counts were noted in both test species. At
necropsy, splenomegaly and renal hemosiderin deposits were observed in the rats.

Subchronic Oral Toxicity
Propylene Glycol

Gaunt et al. (1972) investigated the effects of subchronic administration of PG
using rats. Fifteen male and 15 female Charles River CD rats were fed diets
containing 0 (control) or 50,000 ppm PG for 15 weeks. The PG administered in the
feed corresponded to a dose of 2.5 g/kg/day in the test animals. Blood samples
were collected at the end of the study, and a hematological examination was
performed. The brain, heart, liver, spleen, kidneys, adrenal glands, gonads, and
pituitary gland were collected from each animal, and organ weights were com-
pared with those of controls. No significant differences were found between the
control and PG-dosed animals. No compound-related lesions were noted.

Polypropylene Glycols

PPG 2000 was administered to rats (weights, strain, and number tested not
stated) over a period of 100 days. Concentrations of 0.1, 0.3, 1.0, and 3.0% were

J Am Coll Toxicol, Vol. 13, No. 6, 1994



PROPYLENE GLYCOL AND POLYPROPYLENE GLYC OLS 459

administered in oral doses of ~50-1,500 mg/kg/day. Adverse effects were not
noted at concentrations of 0.1-1.0%. Slight decreases in growth were observed
after the administration of 3% PPG 2000 (American Industrial Hygiene Associa-
tion, 1980).

In a 90-day study, PPG 2000 was administered orally to rats (weights and
number tested not stated) in doses ranging from 275 to 501 mg/kg/day. There was
no evidence of adverse histopathologic, hematologic, or clinical chemistry effects
in any of the animals tested. Body weight effects (not specified) were noted at the
highest dose tested. Similar results were reported for dogs (weights and number
tested not stated) that received doses of PPG 2000 ranging from 526 to 810 mg/
kg/day (American Industrial Hygiene Association, 1980).

In another study, PPG 1200 was fed to three groups of four purebred beagle
dogs (weights 5.95-12.5 kg) for 90 days. Each group consisted of two male and
two female dogs. The three groups ingested PPG 1200 at concentrations of 0.1,
0.3, and 1.0% in the diet, respectively; six beagles in the control group were fed
diets without PPG. At the highest ‘‘no effect level” (0.3%), average daily con-
sumption doses were 79 and 99 mg/kg for two male dogs and 90 and 123 mg/kg for
two female dogs. Data based on the following analyses did not indicate adverse
effects at any of the concentrations tested: demeanor, feed consumption, hema-
tologic parameters, clinical chemistry determinations, urinalysis, organ weights,
organ/body weight and organ/brain weight ratios, or gross and Microscopic ex-
amination of tissues and organs. Similar results were reported when three groups
of 50 rats were dosed with 0.1, 0.3, and 1.0% PPG 1200, respectively, according
to the same procedure. Each group was equally mixed and weight ranges for male
and female rats were 321-334 and 218-233 g, respectively (FDA, 1992).

PPG 750 was administered to rats (weights and number tested not stated) over
a period of 100 days. Concentrations of 0.1 and 1% were administered at doses of
~50 and 500 mg/kg/day. PPG 750 (0.1%) did not induce any adverse effects.
However, in the group dosed with 1% PPG 750, there was a slight increase in liver
and kidney weights; there were no histological changes. Neither of the doses
resulted in a central nervous system stimulatory effect (American Industrial Hy-
giene Association, 1980).

Subchronic Dermal Toxicity
Propylene Glycol

PG (0.2 ml) was injected subcutaneously into 12 male hairless mice of the hr/hr
Oslo strain (10-12 weeks old) three times per week for 3 months. None of the
animals died and there was no ulceration at the injection sites. Based on micro-
flow histograms of urinary bladder epithelial cells (Farsund, 1974), the following
results were reported: The proportion of diploid cells in the S-phase fluctuated but
was not significantly altered. The proportion of tetraploid cells in the S-phase was
significantly reduced, and at 3 months, there was no DNA synthesis in these cells.
Overall, the proportion of diploid cells increased, the number of tetraploids was
slightly reduced, and almost all of the octoploid cells disappeared. The alterations
reported were described as disturbed regenerative reactions resulting from PG-
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induced acute cellular toxicity. Some of the bladder epithelial cells were killed and
the mechanism of repeated DNA synthesis was disturbed (Farsund, 1978).

Polypropylene Glycol

In a 3-month study, PPG 2000 was applied to the skin of rabbits (weights and
number tested not stated) at doses of 1, 5, and 10 mi/kg. Applications were made
S days per week (24 h/day). Doses of 1 mi/kg did not cause any adverse effects.
Slight depression of growth was noted after the administration of 5- and 10-ml/kg
doses (American Industrial Hygiene Association, 1980).

Chronic Oral Toxicity

In a chronic feeding study by Gaunt et al. (1972), PG was administered in the
diet to rats for 2 years. Groups of 30 male and female Charles River CD rats were
fed diets containing 0, 6,250, 12,500, 25,000, or 50,000 ppm PG. Feed and water
were given ad libitum. General behavior was observed, and body weights were
recorded every 2 weeks. At 104 weeks, animals were killed and brain, heart, liver,
spleen, kidneys, adrenal glands, stomach, small intestines, and cecum were
weighed. Samples of organs that appeared to have lesions were retained for mi-
croscopic examination. No significant compound-related lesions were noted in the
test animals; all organ and body weights in the treated animals were not signifi-
cantly different from controls.

Weil et al. (1971) investigated the effects of chronic administration of PG using
dogs. Groups of five male and five female dogs were given diets containing 2 to 5
g/kg PG. Body weights were recorded throughout the experiment. At week 104,
all animals were killed and organs were examined microscopically for lesions. At
the 5-g/kg dose levels, dogs gained more weight than controls, and urine output
was increased. No compound-related lesions were noted. The no-effect level for
PG was 2 g/kg body wt.

A group of four female dogs (weights 6-21 g) received 5% PG (in drinking water)
for a period ranging from 5 to 9 months. The animals were allowed to drink the
mixture twice daily during a period of | h. Additionally, each of four male dogs
(weights not stated) was allowed to drink 600 ml of 10% PG (in drinking water)
daily over a period ranging from 5 to 6 months. The three tests of liver function
included galactose excretion, uric acid excretion, and the rose bengal content of
blood. The excretion of phenolsulfonphthalein during a 2-h test period served as
the test for renal function. The results indicated no impairment of hepatic or renal
function in either male or female dogs (Van Winkle and Newman, 1941).

Ocular Irritation

Propylene Glycol

Clark et al. (1979) evaluated the ocular irritation potential of solar heat transfer
fluids, including PG. PG (0.1 ml) was instilled into the conjunctival sac of one eye
of each of six rabbits, and reactions were scored according to the methods of
Draize et al. (1944). Eyes were examined at 1, 24, 48, 72, and 96 h posttreatment.
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At 24 h, a score of 0.7 (maximum score = 110) was noted. At 72 h, the score was
0.3. At 96 h, the score was 0.0. There was no corneal damage noted in any of the
test animals.

The ocular irritation potential of 56 substances, including PG, was investigated
by Guillot et al. (1982a). PG (pH 8.8; 0.1 ml) was instilled into the conjunctival sac
~ of one eye of each of six male New Zealand White rabbits. Untreated eyes served
as controls. Eyes were not rinsed after instillation. The acute ocular irritation
index (AOI) (maximum possible score = 110) and the mean ocular irritation index
(MOI) (maximum possible score = 40) were calculated for PG. The AOI was 11.33
and the MOI was 0.83. PG was a slight ocular irritant in this test.

Douglas and Spilman (1983) conducted an in vitro ocular irritancy test using
several substances, including PG. A *'Cr release assay using a cultured corneal
endothelial cell line was used to approximate ocular toxicity in vivo. Cells were
preincubated with 0.5 nCi/ml 5ICr for 1 h. The corneal endothelial cells were then
incubated with the test substance. Different molar concentrations of the test sub-
stance were used to obtain the estimated dose that resulted in 50% toxicity (EDsp).
The test was run three times, and the EDs, values measured were 30, 13, and 13
M. The 95% confidence limits were 15-61, 7.2-24, and 8.2-20 M, respectively. PG
was a nonirritant in this test.

Polypropylene Glycols

Following instillation of an excess of PPG 425, PPG 1025, and PPG 2025 into the
conjunctival sacs of rabbits, trace injuries to one or two of five eyes tested with
each test substance were observed. PPG 425, PPG 1025, and PPG 2025 were
classified as harmless agents (Shaffer et al., 1951).

The ocular irritation potential of undiluted PPG 1200 was evaluated using an
albino rabbit. The test substance (0.1 ml) was instilled into the conjunctival sac of
both eyes; only one eye was rinsed after instillation. Both eyes were examined for
conjunctival irritation, corneal injury, and internal effects such as iritis and len-
ticular damage. At most, the test substance induced very slight discomfort and
slight transient conjunctival irritation. Signs of ocular irritation had cleared by 24
h postinstillation (FDA, 1992).

Skin Irritation/Sensitization
Propylene Glycol

The skin irritancy potential of PG was studied by Lashmar et al. (1989) using
nude mice. PG (10, 25, or 50%) was instilled in polyvinyl chloride cups {vol 0.3
cm?) on the dorsal side of three mice. The test substance remained in contact with
the skin for 24 h. At the end of 24 h, the animals were killed and a sample of the
exposed skin was taken for microscopic examination. Reactions were scored
according to the methods of Ingram and Grasso (1975) (maximum possible score
= 77). At 10%, no irritation was observed. At 25%, the score was 5, and at 50%,
the score was 11. In the animals exposed to 50% PG, hypertrophy, dermal in-
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flammation, and proliferation stimuli were noted, indicating that this concentra-
tion of PG may cause skin irritation.

In a mouse external ear sensitization assay, 100% PG was applied to the right
ear of each of 19 mice (Swiss, BALB-c, CBA, C56B1/6, DBA-2, and B6D2F1
strains) on days 0 and 2 of the experiment. On day 2, Freund’s Complete Adjuvant
was injected subcutaneously into the external ears of each mouse. On day 9, the
thickness of the external ear was measured with a mobile-disk caliper inmediately
before and 24 h after a topical application of 100% PG to the treated external ears
of each of the test mice. There was no significant increase in the external ear
thickness, a measure of skin irritation and sensitization, in any of the test animals
as compared with controls (Descotes, 1988).

Clark et al. (1979) investigated the irritant effects of PG in rabbits. PG (con-
centration not stated) was applied to intact and abraded skin on the backs of six
New Zealand white rabbits according to the methods of Draize et al. (1944).
Irritation was scored at 24 and 72 h after treatment. The irritation score, obtained
by a compilation of scores obtained at 24 and 72 h, was 0.1 (maximum possible =
8). A score of <2 was classified as a mild to no irritation reaction.

PG was applied to the clipped skin (intact and scarified) of the backs of three
groups of six New Zealand white rabbits according to three different protocols by
Guillot et al. (1982b). In protocol 1 (the cosmetic protocol), rabbits were exposed
to 0.5 ml of the test substance for 23 h under occlusive patches. Protocol 2 [the
Association Francaise de Normalisation (AFNOR) protocol] was defined as the
exposure of rabbits to 0.5 ml of the test substance for 4 h under occlusive patches.
In protocol 3 [the Organisation for Economic Co-operation and Development
(OECD) protocol], rabbits were exposed to 0.5 ml of the test substance for 4 h
under semiocclusive patches. In each of the three protocols, both abraded and
intact skin sites were tested. Reactions were scored at 1 and 48 h in the cosmetic
protocol, 1, 24, and 48 h in the AFNOR protocol, and 30-60 min, 24, 48, and 72
h in the OECD protocol. The primary cutaneous irritation index obtained for the
three protocols were 0.17, 0.14, and 0.02, respectively. In all three tests, PG was
classified as a nonirritant.

Open and closed patch tests were conducted by Motoyoshi et al. (1984) using
guinea pigs and rabbits. Patches containing 0.1 ml PG/patch (four per animal; two
open, two closed) were applied for 48 h to the shaved skin of six Hartley guinea
pigs. Patches containing 0.3 ml PG/patch (four per animal; two open, two closed)
were applied to the shaved skin of six Angora rabbits for 48 h. Reactions were
scored 30 min after removal of the patches. There were no reactions noted in
either the open or the closed patch tests in either the rabbits or the guinea pigs.
The authors noted that both of the species tested lack sweat glands, which might
have accounted for the lack of a reaction.

Forty-eight-hour and 21-day open and closed patch tests were conducted by
these authors using miniature Gottingen swine. Four patches per animal (two
open, two closed) containing 0.1 ml PG/patch were applied to the shaved skin
of two swine. Reactions were scored 30 min after the 48-h exposure. In the 21-
day test, reactions were scored daily. Skin irritation reactions were not observed
in any of the animals. The authors concluded that the previously mentioned lack
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of sweat glands may have contributed to the lack of a reaction after exposure
to PG.

Pure PG was applied to the flanks of 27 guinea pigs and to the backs of 20
rabbits in a skin fold thickness test. Open patches containing the test material
(amount unspecified) were applied daily to the test sites. Untreated sites served as
controls. The skin fold thickness, a measurement of skin irritation, was measured
daily with a Harpenden skin fold caliper. Sites were also examined for erythema,
edema, and scaling. There were no significant increases in skin fold thickness in
the rabbits. Most test sites in the rabbits had transient redness, which resolved
spontaneously. There was a significant increase in skin fold thickness in the
guinea pigs on day 7 (p < 0.01 and on days 8-10 (p < 0.001) (Wahlberg and
Nilsson, 1984).

Kero and Hannuksela (1980) tested the induction of contact hypersensitivity
reactions by PG using three different tests. Using the guinea pig maximization test
(GPMT), 20 animals were injected with 70% PG. In the open epicutaneous test
(OET), 20 guinea pigs had open patches containing 70% PG applied to an 8-cm?
shaved area of skin during a 21-day period. In the chamber test (CT), eight Finn
chambers containing 20 ! 70% PG were applied to the shaved skin of each of 20
guinea pigs for 6 days. Chambers were changed every 48 h. Challenges were done
on day 21 in the GPMT and the CT and on day 31 in the OET. At challenge, no
positive reactions were noted in any of the animals in the three tests. PG did not
induce contact hypersensitivity in these tests.

Using the epicutaneous maximization test, Guillot and Gonnet (1985) investi-
gated the sensitization potential of PG in guinea pigs. Seven successive 48-h
occlusive patches containing PG (amount not specified) were applied to the
shaved skin of each of 20 Dunkin-Hartley guinea pigs. After a 1-week nontreat-
ment period, one 48-h occlusive challenge patch was applied to a previously
untreated site on each guinea pig. Readings were taken at 1, 6, 24, and 48 h. Skin
samples were taken for microscopic examination. No irritation or sensitization
reactions were noted in any of the test animals. PG was neither an irritant nor a
sensitizer in this test.

Guillot et al. (1983) studied the sensitizing potential of several chemicals, in-
cluding PG, using seven different protocols. In the first protocol, the authors
followed the methods of Magnusson and Kligman (1969) in a GPMT. On day 0 of
the experiment, a 48-h occlusive patch containing 0.5 ml PG was applied to the
dorsal surface of each of 20 Dunkin-Hartley guinea pigs. On day 7, the skin was
painted with 0.5 ml 10% sodium lauryl sulfate. On day 8, a 48-h occlusive patch
containing 0.5 ml PG was applied to the same area. After a 10-day nontreatment
period, a 48-h occlusive challenge patch containing 0.5 ml PG was applied to the
left flank of each animal. Reactions were scored 24 and 48 h after removal of the
challenge patch. Skin samples were taken for microscopic examination. No re-
actions were noted in this test. PG was classified as a Grade I chemical in this test
(Grade I = weak sensitizing potential).

In the second protocol, the split adjuvant technique, the authors followed the
methods of Maguire (1973). Three groups of guinea pigs, 10 per group (5 males and
5 females), had 0.1 ml PG applied under an occlusive patch after a 5-s treatment

J Am Coll Toxicol, Vol. 13, No. 6, 1994



464 COSMETIC INGREDIENT REVIEW

with dry ice on the dorsal surface (day 0 of the experiment). On day 2, a second
48-h occlusive patch was applied to the same area of the body. On day 4, animals
received intradermal injections of 0.1 ml Freund's Complete Adjuvant, followed
by a third 48-h occlusive patch containing 0.1 ml PG. After a 12-day nontreatment
period, all groups had 24-h-occlusive patches containing 0.1 ml PG applied to the
test areas on day 21 of the experiment. Group 1 animals were examined at 24, 48,
and 72 h for reactions. Groups 2 and 3 received 24-h-occlusive patches containing
the same amount of PG on day 35 of the experiment. Group 2 animals were
examined at 24, 48, and 72 h for reactions. Group 3 animals received 24-h occlu-
sive patches containing 0.1 ml PG on day 42 of the experiment and were examined
24, 48, and 72 h later for reactions. Results were scored on a five-point scale. PG
was nonallergenic in this test.

Guillot et al. (1983) followed the methods of Maurer et al. (1975) to test the
sensitization potential of PG in a guinea pig optimization test. Two intradermal
injections of 0.1 ml PG were administered to each of 20 guinea pigs (10 males and
10 females) on day 0 of the experiment. On days 2 and 4, single injections of the
same concentration of PG were administered, followed by depilation of the test
site 21 h later. Reactions at the test sites were scored after depilation. On days 7,
9, 11 14, 16, and 18, animals received single intradermal injections of 50% PG/50%
Freund’s Complete Adjuvant. Following a 2-week nontreatment period, animals
were depilated and received one intradermal injection of 0.1 ml PG on day 35. Test
site reactions were scored after depilation. On day 49, 24-h occlusive patches
containing 0.1 ml PG were applied to the test sites. On day 51, following the
removal of the patches and depilation of the test site, irritation/sensitization re-
actions were evaluated. No reactions were noted in any of the test animals. PG
was nonallergenic in this test.

These authors also investigated the irritation/sensitization potential of PG using
a method outlined by Guillot and Brulos (unpublished protocol). In the induction
phase of the experiment, 20 guinea pigs (10 male and 10 female) were each given
single intradermal injections of 0.1 ml Freund’s Complete Adjuvant, followed by
48-h occlusive patches containing 0.5 ml PG. On days 2,4,7,9, 11, and 14, 49-h
occlusive patches were reapplied. Following a 22-day nontreatment period, 48-h
occlusive patches containing 0.5 ml PG were applied in the challenge phase of the
experiment. At 1, 6, 24, and 48 h after removal of the challenge patches, macro-
scopic and histological examinations of the test sites were conducted. There were
no reactions in any of the test animals, and the test score was 0 (0 = sensitizing
potential weak or nonsignificant).

In the fifth protocol (Freund’s Complete Adjuvant test), Guillot et al. (1983)
followed the methods of Klecak et al. (1977). Two groups of 10 Dunkin-Hartley
guinea pigs (5 male/5 female per group) received intradermal injections of 0.1 ml
PG on days 0, 2, 4, 7, and 9 of the induction phase of the experiment. Following
a 10-day nontreatment period, both groups received topical applications of PG (25
pl), and reactions were scored at 24, 48, and 72 h. Group 2 animals received an
additional challenge of 25 ul PG on day 35, and reactions were scored at 24, 48,
and 72 h. No reactions were noted. PG was nonallergenic in this test.

In the sixth test protocol, they followed the methods of Dossou and Sicard

J Am Coll Toxicol, Vol. 13, No. 6, 1994



PROPYLENE GLYCOL AND POLYPROPYLENE GLYCOLS 465

(1984). Two groups of guinea pigs, 12 per group, were used to test the irritation/
sensitization potential of PG. Group 1 animals received 0.5-ml dermal applications
of PG in an open test on days 0, 2, and 4 of the experiment. Following a 10-day
nontreatment period, challenge applications of 10 ul PG were applied to the skin.
Reactions were scored 24 and 48 h after the challenge applications. Group 2
animals received injections of 50% PG/50% Freund’s Complete Adjuvant on day
4 of the experiment. Following a 5-day nontreatment period, challenge applica-
tions of 10 ul PG were made to the skin. Reactions were scored at 24 and 48 h. No
reactions were noted in either of the test groups. PG was nonallergenic in this test.

In the last protocol tested by Guillot et al. (1983), an OET was performed
according to the methods of Klecak et al. (1977). Two groups of guinea pigs, eight
per group, received single topical applications of 0.1 ml PG on the right posterior
flank on days 0-20 of the experiment. On day 21, challenge applications of 25 ul
PG were made to the test sites. Group 1 animals were examined at 24, 48, and 72
h for reactions. Following a 14-day nontreatment period, group 2 animals received
additional challenge exposures of 25 pl PG per animal. Macroscopic and histo-
logical examinations were performed 24, 48, and 72 h later., No reactions were
noted in any of the animals in either test group. PG was nonallergenic in this test.

Jacaruso et al. (1985) investigated the irritation potential of PG in an in vitro
histamine release study. Cells were harvested from male Wistar rats, and a pop-
ulation containing mast cells, macrophages, leukocytes, and erythrocytes was
isolated and suspended in HBSS and bovine serum albumin (BSA). PG, at final
concentrations of 0.01, 0.10, 1.0, or 10%, was added to the cells for 10 min (37°C).
The reaction mixture was spun at 400 g for 10 min, and the supernatant was used
for analysis of histamine release, an index of irritation potential. Control values
for histamine release were obtained by exposing a cell population to HBSS/BSA
alone. Only those cells exposed to a final concentration of 1.0% PG released
significantly more histamine than control cells (p < 0.01).

Polypropylene Glycols

Skin irritation was not noted after PPG 425, PPG 1025, or PPG 2025 when
applied once to clipped skin (abdomen) of the rabbit or when applied a total of
cight times to the same area within 4 h. Details concerning the experimental
procedure were not stated (Shaffer et al., 1951).

The skin irritation potential of undiluted PPG 1200 was evaluated using an
albino rabbit (weight 2.3 kg). The test substance (1-2 ml) was applied to intact and
abraded abdominal skin by means of an absorbent cotton pad held in place by a
cloth bandage that was taped to the trunk. Prolonged applications were made to
intact skin (daily for 3 days) and abraded skin (5 days/week for 2 weeks). Repeated
applications (5 days/week for 2 weeks) were also made to the inner surface of the
external ear. Reactions were not observed at the intact skin site. Barely percep-
tible erythema and slight exfoliation were observed at the abraded site. There was
no perceivable skin damage after multiple applications to the inner surface of the
external ear (FDA, 1992).
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The results of skin irritation and sensitization studies on PG are summarized
in Table 9. Studies on the skin irritation potential of PPG are summarized in Ta-

ble 10.

Hematotoxicity

The hemolytic effects of PG were evaluated in a 117-day study using 21 adult,
specific-pathogen-free cats (7 males, 14 females; weights between 2.3 and 5.1 kg).
The animals were randomly divided into three groups and fed 6% PG, 12% PG (in

TABLE 9. Irritation/sensitization potential of Propylene Glycol

Dose/concentration;
Animal No. exposure method Results Ref.

Nude mice 3 10, 25, 50%; 24-h exposure in  No irritation Lashmar et al. (1989)
PVC cup

Mice 19 100%:; mouse ear sensitization No irritation/ Descotes (1988)
assay sensitization

Rabbits 6 Unknown concentration; 24-h  Mild to no irritation Clark et al. (1979)
patch test

Rabbits 6 Cosmetic protocol (see text) Nonirritant Guillot et al. (19825)

Rabbits 6 AFNOR protocol (see text) Nonirritant Guillot et al. (1982b)

Rabbits 6 OECD protocol (see text) Nonirritant Guillot et al. (1982b)

Guinea pigs 6 0.1 ml; 48-h open patch test No observed reaction Motoyoshi et al. (1984)

Guinea pigs 6 0.1 ml; 48-h closed patch test  No observed reaction Motoyoshi et al. (1984)

Rabbits 6 0.1 ml; 48-h open patch test No observed reaction Motoyoshi et al. (1984)

Rabbits 6 0.1 ml; 48-h closed patch test  No observed reaction Motoyoshi et al. (1984)

Swine 2 0.1 ml; 48-h open patch test No skin irritation Motoyoshi et al. (1984)

Swine 2 0.1 ml; 48-h closed patch test  No skin irritation Motoyoshi et al. (1984)

Swine 2 0.1 ml; 21-day open patch test  No skin irritation Motoyoshi et al. (1984)

Swine 2 0.1 ml; 21-day closed patch No skin irritation Motoyoshi et al. (1984)
test

Guinea pigs 27  Daily open patches, skin fold ~ Days 7 and 8-10, significant Wahlberg and Nilsson
thickness assay increase in skin fold (1984)

thickness

Rabbits 20  Daily open patches, skin fold  No increase in skinfold Wahlberg and Nilsson,
thickness assay thickness; transient redness 1984

Guinea pigs 20  70%; maximization test No observed reaction Kero and Hannuksela

(1980)
Guinea pigs 20  70%; open epicutaneous test No observed reaction Kero and Hannuksela
(1980)

Guinea pigs 20 20 ul 70%; three 48-h No observed reaction Kero and Hannuksela
chamber exposures (1980)

Guinea pigs 20  Epicutaneous maximization No irritation/ Guillot and Gonnet (1985)
test sensitization

Guinea pigs 20 0.1 ml; protocol 1, Weak irritation/ Guillot et al. (1983)
maximization test sensitization potential

Guinea pigs 30 0.1 mi; protocol 2, split Nonallergic Guillot et al. (1983)
adjuvant technique

Guinea pigs 20 0.1 ml; protocol 3, Nonallergic Guillot et al. (1983)
optimization test

Guinea pigs 20 0.5 ml; protocol 4, Nonsignificant or weak Guillot et al. (1983)
Guillot/Brulos sensitizer

Guinea pigs 20 0.1 ml; protocol 5, Freund's Nonallergenic Guillot et al. (1983)
Adjuvant test

Guinea pigs 24  Protocol 6 (sce text) Nonallergenic Guillot et al. (1983)

Guinea pigs 16 0.1 mi; protocol 7, open Nonallergenic Guillot et al. (1983)

Rats

epicutaneous test

0.01, 0.10, 1.0, and 10%; in
vitro histamine release
assay

Low skin irritation potential

Jacaruso et al. (1985)

For abbreviations and details, see the text.
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TABLE 10. Skin irritation potential of Polypropylene Glycol

Dose/concentration;
Animals No. exposure method Results Ref.
Rabbits —_ Single application and 8 No skin irritation Shaffer et al. (1951)
applications within 4 h
Rabbits — Single application and 8 No skin irritation Shaffer et al. (1951)
applications within 4 h
Rabbits — Single application and 8 No skin irritation Shaffer et al. (1951)
applications within 4 h
Rabbit 1 Applications to intact skin ~ No reactions at intact site;  FDA (1992)
daily for 3 days; barely perceptible
applications to abraded erythema and slight
skin S days/wk for 2 exfoliation at abraded
wks site
Rabbit 1 Applications to different No perceivable skin FDA (1992)
intact skin site 5 damage

days/wk for 2 wks

the diet), and a control diet, respectively. Blood was drawn at the beginning of the
study and every 2 weeks thereafter. Reticulocyte and Heinz body counts were
expressed as the percentage of 1,000 cells counted. Differences between treat-
ment groups and changes over time within groups were evaluated by an analysis
of variance. In experimental and control groups, the packed cell volume de-
creased over time and was significantly lower in the 12% group only during the
sixth week of the study. Significant changes in hemoglobin concentration were not
observed between groups; however, a statistically significant (p < 0.001) decrease
over time was observed in the 6% PG group. Throughout the study, a significant
decrease (p < 0.001) in numbers of erythrocytes was noted in 6 and 12% PG
groups, but not in the control group. A significant (p < 0.0001) increase in punc-
tate reticulocytes over time was observed in 6 and 12% PG groups, but not in the
control group. Additionally, a significant increase in the number of aggregate
reticulocytes was noted in the 12% PG group 2 weeks after initiation of PG-
containing diets. Heinz body counts were significantly higher, in a dose-related
manner, in 6 and 12% PG groups; the increase persisted throughout the study. The
results of this study indicated that PG-containing diets caused a dose-dependent
erythrocyte destruction, even when fed at concentrations as low as 6% (Bauer et
al., 1992). Decreased erythrocyte survival and Heinz body formation were noted
in an earlier study in which three cats (weights 34 kg) were fed a dosage of 8 g
PG/kg body wt daily for 22 days (Christopher et al., 1990b). Heinz body formation
was also noted in groups of six Kittens (weight 2,160 + 47 g) fed diets containing
5 and 10% PG for 12 weeks. None of the animals had anemia or methemoglobi-
nemia (Hickman et al., 1990).

Reproductive Effects
A continuous breeding reproduction study was conducted using COBS

Crl:CD-1 (ICR)BR outbred Swiss albino mice (6 weeks old). The continuous
breeding phase of the study (task II) was begun after the dose-setting study (task
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I) and involved three experimental groups (40 mice per group) and a control group
of 80 mice. Experimental and control groups contained an equal number of male
and female mice. The three experimental groups were given the following doses
(in feed or water), respectively, during a 7-day premating period: 1.0% PG (daily
dose 1.82 g/kg), 2.5% PG (daily dose 4.80 g/kg), and 5.0% PG (daily dose 10.10
g/kg). The animals were then randomly grouped as mating pairs, cohabitated, and
treated continuously for 98 days; data were collected on all newborns. If signifi-
cant adverse effects on fertility were observed, a crossover mating trial (task III)
was usually performed to determine whether Fj males or females were more
sensitive to the effects. Task III was not conducted and would have consisted of
mating high-dose mice of each sex to control mice of the opposite sex and then
analyzing the offspring. To perform an offspring assessment of reproductive func-
tion (task IV) following exposure to PG, the dam (from phase II) was dosed
through weaning and F, mice were dosed until mating occurred at 74 = 10 days of
age. Mating pairs consisted of male and female offspring from the same treatment
group (20/group/sex); F, litters were examined. In the continuous breeding phase
(task II), there were no significant changes (p < 0.05) in mean live pup weight per
litter between the control group and any of the treatment groups. In task IV,
which was an offspring assessment of reproductive function, only the high-dose
group (5% PG) was involved. There were no significant differences (p < 0.05)
between control and experimental groups with respect to the following observa-
tions in task IV: mating index, fertility index, mean number of live pups per litter,
proportion of pups born alive, and sex of pups born alive (Morrissey et al., 1989).

Embryotoxicity

The effect of PG on the development of B¢D,F, mouse zygotes in the pronu-
clear stage was evaluated; oocytes were fertilized in vitro. Samples of zygotes
were incubated for 20 min (at 22°C) with 1.5, 3.0, and 6.0 M PG in phosphate-
buffered saline. There were three zygote cultures per test concentration of PG,
and each group of three were incubated with 0, 0.1, and 0.25 M sucrose, respec-
tively. The three control cultures without PG were also incubated with 0, 0.1, and
0.25 M sucrose, respectively. Subsequently, the zygotes were incubated for 24 h
(at 37°C) under 5% CO,, and the percentage of zygotes that cleaved to form
two-cell embryos was determined. The percentage of zygotes that developed to
two-cell embryos was not altered in control cultures or cultures exposed to 1.5 M
PG (78% in both cultures), but was reduced in cultures exposed to 3.0 M PG (7%;
p < 0.05). Embryonic development was inhibited completely in zygotes exposed
to 6.0 M PG. The presence of sucrose in the incubation medium did not influence
embryonic development (Damien et al., 1989). In a later publication by the same
authors, the data indicated that the exposure of B¢D,F, mouse zygotes to =2.5M
PG for 2-7 min altered both intracellular pH and developmental potential. In that
these effects were independent of volume changes noted in zygotes and therefore
intracellular PG concentrations, the authors postulated that the toxicity of PG is
mediated by direct alteration of the cell membrane (Damien et al., 1990).
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Teratogenicity

Kavlock et al. (1987) investigated the teratogenic potential of several sub-
stances, including PG. A group of 30 pregnant female CD-1 mice was given single
oral doses of 10,000 ppm PG on days 8-12 of gestation. Fertility rates, numbers of
maternal deaths, numbers of resorptions, average litter sizes, birth weights, and
pup postnatal weight gain were monitored in an assessment of the maternal and
perinatal effects of PG. The fertility rates of mice given PG were not significantly
different from those of control mice. There were no maternal deaths or resorp-
tions observed in any of the animals dosed with PG. All other parameters mea-
sured were not significantly different from control values. PG was not a teratogen
in this test.

PG (dose 0.01 ml/g body wt) also was injected subcutaneously into each of 21
pregnant ICR/Jcl female mice (9-12 weeks old) on day 9, 10, or 11 of gestation.
Days 9-11 correspond to the sensitive stage for the induction of fetal deaths and
malformations in this strain of mice. The following malformations were noted in
5 of the 226 living fetuses: open eyelid (3 fetuses), polydactyly (1 fetus), and cleft
palate (1 fetus). In a control group of 28 mice (same strain and weight range)
injected subcutaneously with water (0.01 ml/g body wt) during pregnancy, the
only malformation noted was exencephalus in 1 of 320 living fetuses. The inci-
dence of malformations in 1,026 living fetuses from an untreated control group of
90 pregnant mice (same strain and weight range) was 3 fetuses with polydactyly,
exencephalus, and open eyelid, respectively (Nomura, 1977).

Ascitic mouse ovarian tumor cells were used in an in vitro teratogenicity assay
by Braun et al. (1982). Tumor cells were labeled with [*H]thymidine in situ via an
intraperitoneal injection of 0.2 mCi of radioactivity. Cells were harvested and
suspended in phosphate-buffered saline (107 celis/ml). Various concentrations of
PG were added to aliquots of the cells (all concentrations not stated) and incu-
bated at 37°C for 30 min. The teratogenicity of the substances tested was assayed
by the ability of the test substances to inhibit attachment of the tumor cells to
Concanavalin A-coated plastic. The extent of attachment of the cells was mea-
sured by counting the radioactivity on the Concanavalin A-coated plastic. PG did
not inhibit attachment of the tumor cells; the largest dose tested was 27,000 mg/L
PG. PG was a nonteratogen in this test.

Mutagenicity
In Vitro Tests

Clark et al. (1979) assayed the mutagenicity of heat transfer fluids, including
PG, according to the methods of Ames et al. (1975). PG was diluted with dimeth-
ylsulfoxide (DMSO) to final concentrations of 1-10,000 pg/plate (actual concen-
trations tested not stated). PG was added to tester strains TA 1535, TA 1537, TA
1538, TA 98, and TA 100 both with and without metabolic activation. PG was not
mutagenic in any of the strains at any concentration tested.

PG in DMSO was tested in a reverse mutation assay (Ames et al., 1975) in-
volving Salmonella typhimurium strains TA 92, TA 1535, TA 100, TA 1537, TA 94,
and TA 98. The dose tested was 10 mg/plate, largest noncytotoxic dose, and cul-
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tures were incubated in the presence of metabolic activation. Results were con-
sidered positive if the number of revertant colonies in experimental cultures was
twice that noted in the solvent control culture. PG was not mutagenic in this assay
(Ishidate et al., 1984).

Sasaki et al. (1980) investigated the mutagenic effects of 60 chemicals, including
PG, using an HE 2144 human fibroblast cell line and a Don-6 Chinese hamster cell
line. Concentrations of 3.805, 7.61, or 22.83 mg/ml PG in HBSS, added to 1.0 pg
5-bromodeoxyuridine (BrdU), were incubated for two cell cycles with either the
human or the Chinese hamster cell line. Chromosome slides were stained with
acridine orange fluorescent stain, and the frequencies of sister chromatid ex-
changes (SCEs) were scored. The authors reported a dose-dependent increase in
the frequencies of SCEs in the Chinese hamster cell line. PG was a weak, but
potential, SCE inducer in this investigation.

The mutagenicity of PG was also evaluated in a chromosomal aberrations test
using a Chinese hamster fibroblast cell line. The cells were exposed to 32.0 mg/ml
PG in physiological saline (maximum dose) for 48 h without metabolic activation.
The maximum dose was defined as the dose at which the maximum effect was
obtained. Untreated cells and solvent-treated cells served as controls; the inci-
dence of aberrations was usually <3.0% in these cells. The incidence of polyploid
cells and cells with structural chromosomal aberrations, such as chromatid or
chromosome gaps, breaks, exchanges, ring formations, fragmentations, and oth-
ers, were recorded for each culture. The results were considered positive if the
total incidence of cells with aberrations (including gaps) was >10%, equivocal if
the incidence was between 5 and 9.9% and negative if the incidence was <4.9%.
Positive results were reported for PG in this test (Ishidate et al., 1984).

Abe and Sasaki (1982) investigated the mutagenicity of PG in vitro in an SCE
assay. PG was tested in both human cultured fibroblasts and a cultured Chinese
hamster cell line, with and without the addition of liver S9 mix as a metabolic
activator. SCE was measured after the addition of BrdU. PG was not mutagenic
in this assay system.

PG was tested in an in vitro DNA damage alkaline elution assay according to a
modification of the procedure by Kohn et al. (1974). The procedure involved
incubation of Chinese hamster lung fibroblast V79 cells, in the presence and
absence of metabolic activation, with 10 mM PG for 1, 2, and 4 h. Prior to PG
exposure, DNA in the cells was labeled with [(**Clthymidine. Single-stranded
DNA was eluted using a single polyvinyl filter, and the recovery of radioactive
DNA applied to the filter was >95%. DNA damage was not observed in PG-
exposed cultures (Swenberg et al., 1976).

PG was not mutagenic in other short-term in vitro tests: chromosomal aberra-
tions (in anaphase) in human embryonic lung cells (WI-38), mitotic recombination
in Saccharomyces cerevisiae strain D4, and basepair substitution in Salmonella
typhimurium strains G-46 and TA-1530 (Green, 1977).

In Vivo Test

The mutagenicity of PG was evaluated in the micronucleus test using 25 (five
groups of 5) 8-week-old ddY mice. Single intraperitoneal injections of PG were
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administered to four groups in doses of 2,500, 5,000, 10,000, and 15,000 mg/kg in
saline, respectively. The control group was dosed with saline. Femoral marrow
cells were smeared on glass slides, 1,000 polychromatic erythrocytes per mouse
were scored, and the number of micronucleated polychromatic erythrocytes was
recorded. Results were classified as positive only when a statistically significant
difference was noted between one or more treatment group(s) and the spontane-
ous incidence of micronucleated polychromatic erythrocytes, and the Cochran—
Armitage trend test (Armitage, 1955; Cochran, 1954) indicated a positive dose
response. PG was not mutagenic at any of the doses tested (Hayashi et al., 1988).

Carcinogenicity
In Vitro Test

Pienta (1980) investigated the carcinogenic potential of PG in a hamster embryo
cell transformation bioassay. Embryo cells were isolated from Syrian hamsters on
day 13 of gestation. Isolated cells were separated into tubes containing 2.5 x 10°
cells and frozen at — 195°C prior to the experiment. Samples of the frozen cell
aliquots were reconstituted on day 0 of the experiment and cultured for 6 days. On
day 6 of the experiment 4 ml of PG at concentrations ranging from 0.125 to 8.0%
(actual concentrations not stated) was added to the cells. Positive and negative
controls were tested in each experiment. After 8 days, the cultures were investi-
gated for the presence of any transformed colonies. No transformed colonies were
reported in any of the PG-dosed cells.

In Vivo Tests

Gaunt et al. (1972) investigated the carcinogenicity of PG in a 2-year feeding
study using CD strain rats (methods of study previously described in Chronic Oral
Toxicity). The types and numbers of neoplasms found were documented during
the study. In female rats, the largest numbers of neoplasms found were mammary
gland fibroadenomas. The authors indicated that these neoplasms occurred fre-
quently in rats of the CD strain. There were no significant differences in the
incidence of neoplasms found in the PG-treated animals as compared with un-
treated control animals. There was no observed dose-response relationship be-
tween animals fed low and high concentrations of PG. The authors reported that
no carcinogenic potential was found when concentrations up to 50,000 ppm PG
were administered in the diet.

Stenback and Shubik (1974) investigated the carcinogenicity of PG using Swiss
mice. Three groups of animals, 50 per group, had concentrations of 10, 50, or
100% PG (diluted in acetone where necessary) applied to the shaved dorsal skin
between the flanks twice a week. Applications continued for the lifetime of the
animals. All lesions and neoplasms that developed were recorded weekly during
the experiment; necropsy was performed on all animals. In the group that re-
ceived 10% PG, 26 of 50 animals (52%) developed neoplasms; however, skin
tumors were not observed. In the 50 and 100% groups, the numbers of tumor-
bearing animals were 26 of 50 (52%) and 20 of 50 (40%), respectively. The distri-
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bution of the more prevalent tumors in the three treatment groups was as follows:
10% PG (15 lymphomas, 7 lung adenomas, 1 liver hemangioma, and 1 thymoma),
50% PG (13 lymphomas, 13 lung adenomas, 2 liver hemangiomas, and 2 thymo-
mas), and 100% PG (9 lymphomas, 7 lung adenomas, 4 liver hemangiomas, and 1
thymoma). In vehicle (50 mice, 100% acetone) and positive control 0.5% 7,12-
Dimethylbenzanthracene, 50 mice) groups, the percentages of tumor-bearing an-
imals were 44 and 78%, respectively. The percentage of tumor-bearing animals in
the untreated control group (150 mice) was 42%. The authors reported that there
was no significant carcinogenic potential when PG concentrations up to 100%
were applied to the skin of Swiss mice.

PG was not found to be carcinogenic in other carcinogenicity studies, whether
the method of administration was oral, cutaneous surface application, or subcu-
taneous injection (Fujino et al., 1965; Dewhurst et al., 1972; Wallenius and
Lekholm, 1973a,b; du Vivier and Stoughton, 1975; Farsund, 1978).

CLINICAL ASSESSMENT OF SAFETY
Short-Term Dermal Toxicity

An aqueous cream containing 60% PG was applied daily to seven inpatients
with psoriasis (one patient was diabetic) for 5 days; doses ranged from 1.5 to 6.1
g/kg/24 h (Commens, 1990). It has been calculated that a 70-kg adult would re-
quire, in normal practice, ~44 g of cream for total body coverage twice per day,
resulting in an approximate dosage of 0.35 g/kg. Total-body occlusion therapy was
abandoned because three of the patients were eliminated from the study due to
skin irritation. Blood was collected at the beginning of application, on day 3, and
at the end of the application period for measurement of the following: serum
lactate, urea, electrolytes, glucose, and osmolality levels. Two of the remaining
four patients had mild renal impairment, and most patients experienced desqua-
mation either during or after the study. No significant changes in serum osmolality
and lactate were noted in any of the patients. Hyperosmolality has been induced
by PG in a number of clinical settings (Glasgow et al. 1983), particularly in inten-
sive care unit patients during the administration of nitroglycerin solutions that
contain PG (Bossaert and Demey, 1987; Demey and Bossaert, 1987). Addition-
ally, hyperosmolality has resulted from the percutaneous absorption of PG in burn
patients (Fligner and Jack, 1985; Kulick et al., 1980; Bekeris et al., 1979).

Skin Irritation and Sensitization

In a review article by Catanzaro and Smith (1991), it was noted that a commonly
encountered problem in patch testing, particularly with PG, is reliably differenti-
ating an irritant reaction from an allergic reaction. This is true especially if the
reaction is relatively weak. Accordingly, several authors have been unable to
conclude whether patch test reactions observed in subjects represented irritation
or true allergic sensitization (Blondeel et al., 1978; Romaguera et al., 1981; Han-
nuksela and Salo, 1986; Kinnunen and Kannuksela, 1989). These studies and the
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results of other human skin irritation and sensitization tests are included in this
section.

Predictive Tests

Propylene Glycol. Wahlberg and Nilsson (1984) studied the irritant effects of PG
in humans (number of test subjects not indicated) using laser Doppler flowmetry.
PG was applied using three different methods: single open exposures to 1.0 ml PG
on the ventral aspect of the thigh with and without occlusive patches for 5-15 min
and repeated open exposure to 1.0 ml PG on the skin for 12 days. Blood flow at
the test site was measured and used as an indication of irritation. PG, when
administered under occlusive patches, caused weak erythema at the test site; the
maximum reaction was measured 26 h after exposure. Single open applications
and repeated open exposure to PG did not cause any irritation reactions in this
test.

These authors also used a skin fold thickness test to further study the irritant
effects of PG in humans (number of test subjects not mentioned). Concentrations
of 100% PG were applied to the volar forearm of the test subjects for 36 consec-
utive days. Skin fold measurements were made daily using a Harpenden skin fold
caliper. Unexposed skin sites were used as controls. Under the conditions of this
test, PG did not cause any increase in skin fold thickness in any of the test
subjects.

Willis et al. (1989) studied the irritant effects of PG in 48-h patch tests. Ten adult
males received patches, containing 100% PG, in Finn chambers applied to the
volar aspect of the forearm for 48 h. The test sites were examined for any reaction
1 h after removal of the patches. Reactions were characterized as either negative,
mild, moderate, or severe. Skin biopsies were also performed, and samples ob-
tained were examined microscopically. Reactions were not observed when the
application sites were examined macroscopically. Upon microscopic examina-
tion, half of the samples contained occasional areas of slight spongiosis, accom-
panied by a minimal infiltrate of mononuclear cells into the epidermis. No signif-
icant irritant effects were reported in this test.

Motoyoshi et al. (1984) conducted both 48-h patch tests and 21-day repeated
insult patch tests to assess the irritation potential of PG in humans. In the 48-h
patch tests, patches containing 0.05 ml 100% PG were applied to the backs of 50
adult men. After patches were removed, the sites were scored for irritation and
skin samples were taken for microscopic examination. Exposure to PG produced
erythema and edema in a dose-dependent manner in the test subjects (number of
reactions not specified).

In 21-day patch tests by these authors, 24 adult men received patches contain-
ing 0.05 ml of 1, 3, 10, or 30% PG. Patches were applied daily to the upper backs
of each of the test subjects. Sites were scored for irritation and skin samples were
taken for microscopic examination. Concentrations of 10 and 30% PG produced
irritation reactions in an unspecified number of subjects. The authors concluded
that PG caused primary irritation reactions in this test.

Ten healthy nonatopic male volunteers were patch tested with 100% PG. The
test substance was applied for 48 h to the volar aspect of the forearm using 8-mm
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Finn chambers, and reactions were scored 1 h after patch removal according to
the following scale: 0 (negative) to 3 (erythema, edema, and vesiculation). Half of
the subjects were patch tested with distilled water, negative control, under oc-
clusive patches. Punch biopsies were obtained from each patch test site, and skin
samples were processed for immunocytochemistry and electron microscopy.
Concerning the immunocytochemical technique, the antibody OKT6, which spe-
cifically recognizes the CDla antigen expressed on the surface of the Langerhans
cells and indeterminate dendritic cells in the skin, was used. The Student paired
¢ test was used to compare the experimental CD1™ cell density and CD1* cell
dendrite length with that of the control. The majority of the reactions observed
were mild to moderate, and the number and dendrite length of CD1 * cells within
the epidermis at PG-treated sites were not significantly different from the obser-
vations at negative control sites. The Spearman rank coefficient of correlation
indicated a nonlinear correlation between CD1™ cell density and clinical grading
(r = 0.1157). However, there appeared to have been a relationship between these
parameters. Mild reactions generally caused a slight decrease in density, and
severe reactions caused an increase in CD17 cell number. As for dendrite length,
the greater the intensity of the reaction, the shorter the dendrite (Willis et al.,
1990).

Willis et al. (1988) performed an experiment to determine optimum concentra-
tions of several compounds, including PG, which would induce irritation in 75%
of a test population. Two concentrations of PG, 50 and 100%, were tested using
16 and 35 healthy volunteers, respectively. Each subject received an application
of PG, under occlusive patches for 48 h, on the volar area of the forearm via a Finn
chamber. At the end of the exposure period, the patches were removed and the
test sites were scored 1 h later. The grading system used was — (no reaction) to
4+ (intense erythema with bullous formation). In the subjects tested with 50%
PG, there were no positive reactions. Among the subjects tested with 100% PG,
14 (40%) positive reactions were reported (11 * reactions, 3 1+ reactions). PG
had marginal irritant properties in this test.

The contact sensitization potential of 12% PG in a cream vehicle was tested
using a panel of 204 test subjects. In the induction phase of the experiment, 10
successive 48- or 72-h patches containing 0.5 g PG were applied under occlusive
patches to the upper arms of each of the test subjects. Following a 2-week non-
treatment period, a 72-h occlusive challenge patch containing 0.5 g PG was ap-
plied to the test site on each of the panelists. Reactions were scored after removal
of the challenge patch. There were no reactions noted in any of the 204 panelists
in this experiment (Marzulli and Maibach, 1973).

A 21-day cumulative irritancy assay was conducted by Patel et al. (1985) using
PG on healthy volunteers. Webril patches containing PG (concentration not
stated) were applied under occlusive patches to the back of each of 25 subjects.
Patches were removed and changed daily for a total of 21 days. Test sites were
examined for irritation daily prior to application of the next patch. The scale used
for scoring ranged from 0 (no dermatitis) to 4 (erythema, induration, vesicles,
and/or bullae covering the test site). The total cumulative irritation score was 72.0
in this test.
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Trancik and Maibach (1982) investigated the irritation/sensitization potential of
PG in three tests. In a cumulative irritation procedure, 24-h occlusive patches
containing 0.2 ml PG were applied to the backs of 10 subjects. A total of 21
consecutive patches were applied. Test sites were observed for reactions daily. In
this 21-day test, one subject had an equivocal reaction on day 20. No other
reactions were noted.

These authors continued their investigation of the irritation/sensitization poten-
tial of PG in a modified Draize sensitization test. In the induction phase, a panel
of 203 healthy volunteers had 48-h occlusive patches containing 0.2 ml PG applied
to their backs. A total of 10 applications were made over a 21-day period. After a
2-week nontreatment period, challenge patches containing 0.2 ml PG were applied
to fresh test sites and removed 48-72 h later. Reactions were scored on a scale of
0.0-4.0. During the induction phase, equivocal reactions (score = 0.5) were noted
in eight of the panelists. Upon challenge, 19 cutaneous reactions were noted (6
had 0.5 reactions, 6 had 1.0 reactions, and 7 had 2.0 reactions).

The same authors also conducted a provocative use test with PG using the 19
panelists with cutaneous reactions in the sensitization test described. Applications
of 0.1 ml PG were made twice daily to the cubital fossa of each subject for a total
of 7 days. Sites were scored for reactions on day 8. There were no reactions noted
in any of the panelists. It was concluded that the cutaneous reactions observed in
19 subjects were irritant reactions.

The results of predictive clinical tests on PG are summarized in Table 11.

Polypropylene Glycol. A total of 300 human subjects received continuous and
repeated dermal applications of undiluted PPG 2000. Details concerning the ex-
perimental procedure were not included. The test substance caused neither skin
irritation nor sensitization (American Industrial Hygiene Association, 1980).

Provocative Tests

A total of 866 patients with various dermatological conditions were patch tested
(closed or covered patches) with 100% PG from April 1951 to April 1952. The
patches were applied to clinically normal skin, and test sites were examined 48 h
after patch application. Positive reactions were observed in 138 (15.7%) patients.
Reactions ranged from simple erythema (+) to erythema with induration and
vesiculation (+ + + +). Eighty-nine of the 138 patients with positive reactions
suffered from dermatitis venenata. A seasonal fluctuation in the incidence of
positive reactions was also noted. The incidence was at a minimum when the
climate was hot and humid (July, August, and September 1951 in New York City)
and significantly greater during the cooler and less humid seasons. Of the 84
patients involved with simultaneous testing with several samples of PG from
different sources, positive reactions were observed in 15. There were no differ-
ences in patient responses to different brands of PG (Warshaw and Herrmann,
1952).

Twenty-three of the 138 patients with positive reactions to 100% PG in the
preceding study were patch tested with aqueous PG. There were only five positive
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TABLE 11. Clinical predictive patch testing to evaluate skin irritation and sensitization
potential of Propylene Glycol (PG)
Test No. of
substance subjects Procedure Results Ref.
100% PG Not stated Single 5- to 15-min Weak erythema at test Wahlberg and Nilsson
exposures to | ml of site (under (1984)
PG (open and under occlusion); no
occlusion) reactions (open)
100% PG 10 48-h patch test using No significant skin Willis et al. (1989)
Finn chamber irritation
100% PG 50 48-h patch test; Erythema and edema  Motoyoshi et al.
0.05-ml application noted (1984)
100% PG 10 48-h patch test using Mild to moderate Willis et al. (1990)
Finn chamber erythema
predominated
100% PG Not stated Repeated open No irritation Wahlberg and Nilsson
exposures to 1 ml (1984)
PG for 12 days
100% PG Not stated Repeated open No increase in Wahiberg and Nilsson
exposures for 36 skinfold thickness (1984)
consecutive days
PG (50 16 (50% 48-h exposure, under No reactions to 50% Willis et al. (1988)
and 100%) PG group); occlusive patches PG; 11 = and three
36 (100% 1+ reactions to
group) 100% PG
PG (1,3, 10 24 Repeated closed patch  Primary irritation with  Motoyoshi et al.
and 30%) applications for 21 10 and 30% PG (1984)
days
12% PG in 204 10 successive 48- or No reactions Marzulli and Maibach
cream vehicle 72-h occlusive (1973)
patches (induction);
72-h occlusive
chalienge patch
PG 25 Repeated exposures, Total cumulative Patel et al. (1985)
under occlusive irritation score of 72
patches, for 21 days
PG 10 Repeated exposures, 1 subject with Trancik and Maibach
0.2 ml under equivocal reaction (1982)
occlusive patches,
for 21 days
PG 203 Modified Draize 13 positive reactions; Trancik and Maibach
sensitization test; 10 6 equivocal (1982)
0.2-ml applications reactions
under occlusive
patches (induction);
48- to 72-h challenge
PG 19 (subjects Provocative use test; Cutaneous reactions Trancik and Maibach

with positive

0.1-m! applications

noted in preceding

(1982)

study confirmed as
irritant reactions

twice daily for 7
days

reactions in
preceding study)

responses to 10% PG, and the application of 2.5% PG in water to 3 of the 23
patients resulted in one positive reaction. Additionally, 16 of the patients with
positive reactions to 100% PG were also tested by simple inunction of the test
substance. There was no evidence of an inflammatory response to the inunction
cither shortly after application or 48 h later (Warshaw and Herrmann, 1952).
When 1,556 patients were patch tested with 100% PG, positive reactions were
observed in 194 subjects. Four patients had *‘true allergy’’ and the remainder had
irritant reactions. Three groups of 42 patients with positive reactions to 100% PG
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were later tested with 3.2, 10, and 32% PG, respectively, and the results were as
follows: 3.2% PG (9 positive reactions), 10% PG (12 positive reactions), and 32%
PG (20 positive reactions) (Hannuksela et al., 1975; Catanzaro and Smith, 1991).
Details concerning the experimental procedure were not included in the review
article by Catanzaro and Smith (1991).

The irritation/sensitization effects of PG were investigated using a panel of 38
patients with histories of PG reactions. Finn chambers containing 2, 10, 32, or
100% PG were applied to the back of each of the test subjects. Exposure lasted
from 20 to 24 h, and reactions were scored, 1, 2, 4, and 5 days postexposure.
Peroral challenge doses of 2% PG, either 2 or 5 ml, were administered to each of
the test subjects. Reactions were recorded for 24 h or until compound-related
signs had resolved. In the initiation phase of the experiment, allergic eczema was
reported in 11 of 38 patients. Other types of eczema were noted in 16 of 38
patients. In 15 of the subjects who reacted to PG in the initiation phase, peroral
challenge resulted in extensive exanthema, which resolved spontaneously within
48 h after challenge. The authors calculated that, based on the results of this
experiment, 1% of all patients with eczema “‘may suffer harmful reactions either
from the internal or external use of PG’’ (Hannuksela and Forstrom, 1978).

In another study, positive reactions were observed in 12 of 84 patients patch
tested with 100% PG. Five subjects had allergic reactions, and seven had skin
irritation reactions (Andersen and Storrs, 1982).

Nater et al. (1977) investigated the irritant effects of PG in 48-h patch tests. A
group of 98 subjects, all with histories of allergic contact dermatitis, were patch
tested with 100% PG. Patches containing an unspecified volume of PG were
applied to the skin on the backs of each of the test subjects. After the patches were
removed, sites were scored for reactions (scale = 0 to 3+), and skin samples
were obtained by biopsy for microscopic examination. There were 11 1+ reac-
tions noted out of the 98 subjects tested. Microscopic examination of skin samples
from subjects with positive reactions indicated edema and mononuclear perivas-
cular infiltrate in eight of the samples. The authors concluded that the reactions
observed were primary irritation reactions.

The irritation/sensitization potential of PG or hexylene glycol was investigated
by Kinnunen and Hannuksela (1989) using several different methods. Occlusive
patches containing 30% PG were applied (48 h) to the skin of 823 patients with
histories of contact dermatitis. Skin reactions were scored 14 h and 2 days after
removal of the patches. Edema and erythema were noted in 3.8% of the patients
tested. Erythema alone was noted in 7.4% of the tested patients.

Additional patch tests were conducted by these authors on 22 patients who had
edemalerythema reactions to PG or hexylene glycol. Serial dilutions of 1, 2, 10,
and 30% PG were applied using the same methods described. A positive reaction
was reported in one patient tested with 1% PG; three patients tested with 30% PG
had positive reactions.

The effect of PG on transepidermal water loss (TEWL), skin blood flow, and
nonimmunologic contact reactions (NICR) to benzoic acid was also tested by
Kinnunen and Hannuksela using a spearate panel of 8 dermatitis patients and 11
normal volunteers. Doses of 20 pl 50% PG were applied to the backs of the 19
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panelists. The eight patients received five applications at the same time; the
normal volunteers received repeated applications over a 7-day period. TEWL was
measured with an evaporimeter after the first applications to patients and after the
last applications to normal volunteers. After a 20-p1 application of benzoic acid to
the test site, the NICR and blood flow were measured. PG significantly increased
TEWL on day 3 in the patients with dermatitis and on day 8 in the normal
volunteers. Cutaneous blood flow was increased in the test subjects. The NICRs
in the test subjects were not significantly different from controls. PG had irritant
properties in these tests.

A total of 183 patients were patch tested with 38% PG. Allergic reactions were
observed in 23 patients (Huriez et al., 1966; Catanzaro and Smith, 1991). Details
concerning the experimental procedure were not included in the review article by
Cantanzaro and Smith (1991).

A total of 86 contact dermatitis patients were tested (patch tests and repeated
open application tests) with PG as well as with other common ingredients of
dermatological preparations. In initial patch tests, 30.0% PG in water was applied
for 24 h, under occlusive patches, using Finn chambers. Reactions were scored
0.3-2 h after patch removal according to the International Contact Dermatitis
Research Group grading scale (Wilkinson et al., 1970): 7+ (doubtful reaction) to
+ + + (extreme reaction). In this study, + (weak, nonvesicular) and + +
(strong, edematous or vesicular) reactions were classified as positive. Nineteen
patients with allergic reactions to 30% PG in initial patch tests were subsequently
patch tested (same procedure) as follows: 1% aqueous PG (5 patients), 10% aque-
ous PG (2 patients), and 30% aqueous PG (12 subjects); all patients had + or + +
reactions. Repeated open application tests (ROATSs) were also performed on these
patients. In these tests, 5% PG in a cream base was applied to a 5 X 5-cm cream
on the flexor aspect of the forearm twice daily for 7 days; the cream base con-
tained vegetable oil, cetylstearyl alcohol, parabens, and 85% water. Positive re-
actions to 5% PG were observed in all 5 patients who had positive reactions to 1%
PG, 1 of 2 patients with positive reactions to 10% PG, and 4 of 12 patients with
positive reactions to 30% PG (Hannuksela and Salo, 1986).

Three of 78 patients patch tested with 10% PG had allergic reactions (Braun,
1969: Cantanzaro and Smith, 1991). In other studies, allergic reactions were ob-
served in 2 of 100 patients (Fisher et al., 1971; Cantanzaro and Smith, 1991) and
13 of 330 patients (Blondeel et al., 1978; Cantanzaro and Smith, 1991) patch tested
with 10% PG. Details concerning the experimental procedures for these tests were
not included in the review article by Cantanzaro and Smith (1991).

In a study by the North American Contact Dermatitis Group (Adams et al.,
1985), 29 cutaneous reactions were observed in a population of 399 patients with
cosmetic-related contact dermatitis that was patch tested (Finn chambers) with
10% aqueous PG.

At test concentrations of 5 and 10% PG, 15 of 1,450 patients had positive patch
test reactions (Romaguera et al., 1981). Details concerning the experimental pro-
cedure were not stated.

In a series of patch tests from 1968 to 1983, Angelini et al. ( 1985) reported a total
of 27 positive reactions in 3,364 patients tested with 5% aqueous PG.

J Am Coll Toxicol, Vol. 13, No. 6, 1994



PROPYLENE GLYCOL AND POLYPROPYLENE GLYCOLS 479

Test reactions to standard patch test allergens were evaluated using 1,040 sub-
jects (851 atopic patients and 189 healthy age-matched controls). The atopic pa-
tients (Group I, 2841 years old; Group II, 19-27 years old) were classified in a
total of eight groups as follows: Group I 1 (79 patients) and Group II1(97 pa-
tients), patients with severe atopic dermatitis who had been hospitalized; Group
12 (149) and Group I 2 (213), patients who had been treated as outpatients; Group
I3 (59) and Group II 3 (74), patients with mild atopic dermatitis and allergic
rhinitis, allergic conjunctivitis, or asthma; and Group 14 (110) and Group 11 4 (70),
patients who had been examined at the hospital for allergic rhinitis, allergic con-
junctivitis, or asthma without dermatitis. PG (5%) was applied, using a Finn
chamber, to the upper back of each patient for 2 days, and reactions were scored
on day 3. Each test site was free of dermatitis at the time of patch testing and
dermatitis at other sites was said to have been in an inactive phase. Of the 851
patients patch tested with 5% PG, 2.5% had allergic reactions and 3.9% had
irritant/follicular reactions (Lammintausta et al., 1992).

In an epicutaneous chamber test, Hannuksela et al. (1976) investigated the
irritant effects of PG. Concentrations of 2.0% PG in water were placed in cham-
bers on the back of each of 880 test subjects. The exposure time lasted from 20 to
24 h. After removal of the test chambers, the exposed sites were scored at 30 min,
2, 4, and 5 days. At the concentration tested, two (0.2%) positive reactions were
noted among the panelists. The authors noted that PG often caused irritant reac-
tions when tested under occlusive patches and that the methods employed in this
test indicated a true value for allergy to the compound.

The effects of PG and other compounds used as vehicles were investigated by
Mendelow et al. (1985). PG increased the allergic responses in 43 patients patch
tested with 50 pg of 1% nickel sulfate solution. The increase in reactions noted
was greater than the number of patients who had an allergic reaction to 50% PG
alone. The data indicated that PG, when used as a vehicle, influenced the amount
of nickel sulfate exposed to the skin, having modified the allergic reaction poten-
tial. In the order of largest to smallest induction of allergic responses, the vehicles
were ranked: DMSO > PG > cetomacrogol cream > yellow soft paraffin.

Several additional studies concerning allergy to PG have been published
(Broeckx et al., 1987; Agren-Jonsson and Magnussen, 1976; Fastner, 1981; Fisher
and Branaccio, 1979; Angelini and Meneghini, 1981; Oleffe et al., 1979; Wahlberg,
1984).

The results of clinical provocative tests on PG are summarized in Table 12.

Case Reports

A 26-year-old woman applied minoxidil to an area of diffuse alopecia located
immediately above the nape of her neck. After 6 weeks of application, a pruritic
papular eruption was noted in the treated area and nape of the neck. Patch test
reactions to the minoxidil solution and 5% aqueous PG were positive. There was
no reaction to a 2% minoxidil solution in which glycerin was the solvent (Fisher,
1990).

A pruritic, macular, and papular eruption was observed on the scalp (vertex
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region) of a man who had applied minoxidil to this area for 1 month. Patch test
reactions to the minoxidil solution and 5% PG were positive. However, there was
no reaction to 5% minoxidil in glycerin. The eruption recurred when 5% PG was
rubbed into a small area of the scalp after the initial reaction subsided (Fisher,
1990).

A 52-year-old woman suffered from chronic otitis media for 2 years and had
used various ear drops and ointments. During the last 2 weeks of the 2-year
episode, the patient used eardrops containing 2.5% hydrocortisone in a mixture of
PG (50%) and water. Patch test results indicated a papulovesicular reaction
(+ + +) to this product after 72 h. There were no reactions to 10% aqueous PG
and 1 and 10% hydrocortisone in ethanol. However, oral challenge with 5 ml of
PG caused a pruritic macular rash on the abdomen, a flare-up of the external ear
dermatitis, and a flare-up of the patch test reaction on the back within 20 h. When
the patient was patch tested 1 week after the oral challenge, a + reaction to 50%
PG and a + + reaction to undiluted PG were noted after 72 h (Frosch et al., 1990).

Several case studies have been published, documenting assorted reactions to
PG administration in humans (Arulanantham and Genel, 1978; Demey et al., 1988,
Fligner et al., 1985; Kelner and Bailey, 1985; Lolin et al., 1988; MacDonald et al.,
1987; Martin and Finberg, 1970).

SUMMARY

PG is an aliphatic alcohol and PPG is a polymer of PG and water. In cosmetics,
PG is used as a skin-conditioning agent—humectant, solvent, viscosity-decreasing
agent, and humectant. PPGs are used as miscellaneous skin-conditioning agents.
Product formulation data submitted to FDA in 1984 indicated that PG was used in
a total of 5,676 cosmetic products at concentrations up to >50%. Data (FDA,
1984) submitted on PPGs were as follows: PPG 9 (6 products), PPG 26 (10 prod-
ucts), and PPG 425 (1 product). All three ingredients were used at concentrations
up to 5%.

While concentration of use data are no longer reported to FDA by the cosmetics
industry, current frequency of use data reported indicate that PG is used in a total
of 4,892 cosmetic products and PPG 9 in 5 products. There are no reported uses
of PPG 26 and PPG 425. Current data on PG supplied to the CTFA indicate that
concentrations of use range between 3 and 5% in products manufactured by one
company.

In mammals, the major route of PG metabolism is to lactaldehyde and then
lactate via hepatic alcohol and aldehyde dehydrogenases. When PG was admin-
istered intravenously to human subjects (patients), elimination from the body
occurred in a dose-related manner. The results of animal studies on PPGs 425,
1025, and 2025 indicate that they are readily absorbed from the GI tract and are
excreted in the urine and feces.

The cytotoxicity of human natural Killer cells was decreased significantly in an
assay in which target cells (cultured K562 erythroleukemia cells) were incubated
with 1% PG.

PG was relatively harmless (LDs, = 21 g/kg) in acute oral toxicity studies
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involving rats. Acute oral toxicity studies on PPGs of various molecular weights
(300-3,900) have indicated LDy, values (rats) ranging from 0.5 to >40 g/kg.

In acute dermal toxicity studies involving groups of five albino rabbits, doses of
PPG 1025 (20 ml/kg) and PPG 2025 (20 ml/kg) did not cause death. Two of five
rabbits dosed with 20 ml/kg PPG 425 and one of five dosed with 10 ml/kg PPG 425
died.

In subchronic oral toxicity studies, PPG 2000 induced, at most, slight decreases
in growth and body weight effects in rats. PPG 750 caused slight increases in liver
and kidney weights in rats. Following the subchronic oral administration of PPG
750 to dogs, slight increases in liver and kidney weights were noted.

In a subchronic dermal toxicity study (rabbits), PPG 2000 did not cause any
adverse effects at doses of 1 ml/kg. Slight depression of growth was observed after
the administration of 5- and 10-ml/kg doses.

Test substance-related lesions were not observed in rats that were fed diets
containing 50,000 ppm PG (2.5 g/kg/day) for 15 weeks or in rats that were fed PG
concentrations up to 50,000 ppm in the diet for 2 years. Similar results were
reported in a study in which dogs were fed 2 or 5 g/kg PG in the diet for ~103
weeks. In another subchronic study, dogs received 5% PG in drinking water for
5-9 months. The results of tests for hepatic and renal impairment were negative.
However, in cats fed diets containing PG, erythrocyte destruction was noted at
concentrations as low as 6% PG.

PG did not induce corneal damage in rabbits in the Draize test and was classi-
fied as a slight ocular irritant in another ocular irritation study. PPGs 425, 1025,
and 2025 were classified as harmless agents in rabbits in another ocular irritation
study; PPG 1200 induced slight, transient ocular irritation in an albino rabbit.

In a 24-h skin irritation test involving nude mice, there were no reactions to 10%
PG. Hypertrophy, dermal inflammation, and proliferation were observed at a
concentration of 50% PG.

Draize test results indicated that PG was, at most, a mild skin irritant when
applied for 24 h to abraded and intact skin of rabbits. When PG was applied to the
skin of guinea pigs and rabbits (guinea pigs and rabbits lack sweat glands) for 48
h using open and closed patches, no reactions were observed. The results of 48-h
and 21-day open and closed patch tests involving Gottingen swine (no sweat
glands) indicated no reactions to PG.

Results were negative for 100% PG in a mouse external ear swelling sensitiza-
tion test. The results of a GPMT, OET, and chamber (Finn chamber) test indi-
cated no sensitization reactions to 70% PG. In another maximization test, PG was
classified as a potentially weak sensitizer. The results of six other guinea pig
sensitization tests indicated that PG was not an allergen.

Single and repeated applications of PPG 425, PPG 1025, and PPG 2025 did not
cause skin irritation in the rabbit. Repeated applications of PPG 1200 to rabbits
caused mild reactions at abraded skin sites and no reactions at intact sites.

PG was not teratogenic in female CD-1 mice when administered at a concen-
tration of 10,000 ppm on days 8-12 of gestation. Malformations were observed in
5 of 226 living fetuses from female mice injected subcutaneously with PG (dose =
0.1 mg/g body wt on day 9, 10, 11 of gestation). However, 3 fetuses with malfor-
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mations were also noted among 1,026 living fetuses from the untreated control
group of pregnant mice.

In a continuous breeding reproduction study, there were no significant differ-
ences between control and experimental groups of albino mice with respect to the
following: mating index, fertility index, mean number of live pups per litter,
proportion of pups born alive, and sex of pups born alive.

Embryonic development was reduced in cultures of mouse zygotes exposed to
3.0 M PG and inhibited completely in cultures exposed to 6.0 M PG for 20 min.

In the Ames test, PG was not mutagenic in strains TA 1535, TA 1537, TA 1538,
TA 98, and TA 100 of Salmonella typhimurium with and without metabolic acti-
vation. PG caused a dose-dependent increase in the frequency of SCEs in a
Chinese hamster cell line and was classified as a weak inducer of SCEs. In another
study, PG was not mutagenic when tested in an SCE assay involving human
cultured fibroblasts and a cultured Chinese hamster cell line both with and without
metabolic activation. Chromosomal aberrations were induced in Chinese hamster
fibroblasts in another assay. PG was not mutagenic in additional in vitro tests:
chromosomal aberrations, mitotic recombination, basepair substitution, micro-
nucleus test, reverse mutation, and DNA damage.

PG disturbed the proliferation of urinary bladder epithelial cells from the rat,
having reduced DNA production in tetraploid cells 1 and 2 months after the rats
were injected subcutaneously. This effect was not observed at 3 months.

The results were negative when PG was tested in the hamster embryo cell
transformation bioassay. In a 2-year feeding study involving CD strain rats, PG
was not carcinogenic when concentrations up to 50,000 ppm were administered in
the diet. In a lifetime dermal carcinogenicity study, three groups of Swiss mice
received dermal applications of 10, 50, and 100% PG, respectively. The tumor
incidence in each of the three groups did not differ from that noted in the negative
control group; skin tumors were not observed.

PG induced skin irritation and sensitization reactions in normal subjects and in
patients. In these studies test concentrations ranged from 2 to 100% PG. Reac-
tions were observed at concentrations as low as 10% PG in predictive tests and as
low as 2% in provocative tests.

PG also increased the allergic responses in 43 patients patch tested with 50 pg
of 1% nickel sulfate solution. Neither skin irritation nor sensitization reactions
were observed in 300 subjects who received continuous and repeated dermal
applications of undiluted PPG 2000.

DISCUSSION

Because of the results of human irritation and sensitization tests, establishing a
concentration limit for PG is considered necessary. Both provocative and predic-
tive test data were considered in the process of making the final determination.

In provocative tests, allergic reactions were observed in 2 of 880 (0.2%) eczema
patients patch tested with 2% aqueous PG, in 13 of 330 (4%) patients patch tested
with 10% PG, and in 21 of 851 (2.5%) atopic patients patch tested with 5% PG.
Thirty-three (3.9%) of the 851 atopic patients also had irritant/follicular reactions.
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Furthermore, in a study of the North American Contact Dermatitis Group, 29
cutaneous reactions were observed in a population of 399 patients with cosmetic-
related dermatitis who were patch tested with 10% aqueous PG. Patients with
diseased skin may be at risk with respect to developing irritation/sensitization
reactions to PG, even at low concentrations.

Predictive tests are considered more appropriate in establishing concentration
limits that are based on skin irritation or sensitization data. In these tests, normal
subjects were patch tested with PG concentrations ranging from 1 to 100%. In one
of the studies, skin irritation was observed when 100% PG was tested under
occlusive patches, but was not observed in open patch tests. When 50 and 100%
PG were tested under occlusive patches on 16 subjects, there were no reactions to
50% PG and three 1+ reactions to 100% PG. In other studies, 24 normal subjects
patch tested (closed patches) with 1, 3, 10, and 30% PG had skin irritation reac-
tions only at concentrations of 10 and 30%, and neither skin irritation nor sensi-
tization was observed in 204 subjects patch tested with 12% PG (under occlusive
patches) in a cream vehicle. These studies indicate that in normal subjects, PG
may be a skin irritant when tested under occlusive patches and that the skin
irritation potential of this ingredient may be concentration dependent.

CONCLUSION

On the basis of the data included in this report, the CIR Expert Panel concludes
that Propylene Glycol and Polypropylene Glycols are safe for use in cosmetic
products at concentrations up to 50.0%.

Acknowledgment: The Technical Analysis was prepared by Wilbur Johnson, Jr., Senior
Scientific Analyst and Writer.
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